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CHAPTER L 
PRINCIPLES OF CHEMICAL PHILOSOPHY. 

1. Constitution of Matter— Atoms and Molecnles. — Many 

properties of substances are best explained on the supposition 
that matter is composed of aggregates of what are called 
atoma^ but whether these atoms have themselves parts is not 
known. The chemical molecule is a group of such atoms; it 
stands in the same relation to the chemical atom that the 
chemical atom may be conceived to stand to the parts of 
which it may, for aught we know to the contrary, be com- 
posed. A molecule is a group of atoms, as a word is a group 
of letters, and just as the rearrangement of the same letters 
may form different words, so the rearrangement of the same 
atoms may make dissimilar molecules. Or to put it in an- 
other, and possibly a better way : an atom stands in the same 
relation to a molecule that a star does to a solar system ; the 
star itself is a complex body, and possibly the atom of the 
chemist is equally complex; and just as there are differences 
in the kinds of stara which make up systems, so there are 
differences in the nature of the atoms which constitute a 
molecule. The analogy may be carried even further; for 
exactly as it is supposed that some of our present 8}'stems 
may have resulted from the disintegration of former systems, 
so when a molecule is broken up, its atoms rearrange thorn- 
selves and form other and dissimilar molecules. It is believed 
that there ai*e some sixty-four different kinda oi eXxewvvcA 
atoms : these are the elenienta of the chemist ', \\\i<il\LCY \Xi«y 
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are essentially distinct substances, or are modifications of ond 
or more primordial bodies, is a question which still remains 
to be answered. The molecule of a body — that is, the smallest 
quantity of it which can exist hy itself — is usually made up of 
at least two atoms, and, with one or two exceptions, this is 
as true of the elements as of compounds. As a rule, the 
molecule of an element is composed of not more than two 
atoms, although instances are not wanting, as in the cases of 
mercury, zinc, and cadmium, in which the molecule appears 
to contain only one atom. 

The physical relations and properties of a body depend 
upon the mutual distances and rates of motion of its con- 
stituent molecules. In the three so-called physical states of 
matter — the gas, the liquid, and the solid — ^the freedom of 
motion and mean rate of translation of the molecules is 
greatest in the gas and least in the solid. It will be evident 
from what has already been stated respecting the molecular 
condition of gases, that we are possessed of a considerable 
amount of knowledge of their, constitution (Yol. I., p. 61), 
We have reason to believe that equal volumes of the different 
gases contain the same number of molecules, consequently we 
know the relative masses of the molecules of each gas, and 
the phenomena of gaseous diffusion teach us that these masses 
are equal in one and the same gas. Moreover, we have deter- 
mined the mean rate of translation of the molecules of the 
various gases, and we have made a certain amount of progress 
towards estimating their number in a given volume, and hence 
their actual mass and dimensions. It has been shown that 
about two millions of molecules of hydrogen in a row would 
occupy a millimetre, and that about two hundred million 
million million of them would weigh a milligram (Clerk 
Maxwell). Our knowledge of the constitution of liquids and 
solids is far less advanced; the conditions regulating the 
movements of their molecules are much more complicated 
than in the case of gases. 

2. Nature and Action of Chemical AfSnity. — We have 

already defined chemical affinity to be that force which brings 

about an intimate approximation between the molecules of two 

.substances, so as to form a third body possessed of properties 

essentially dMering &om those of its originals, and incapable 
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of destruction by mecbanical ageiicies. Chemistry, then, 
concerns itself with the study of the internal changes in the 
constitution of molecules. Of the exact nature of this force 
we know little, but that it is intimately related to and 
dependent upon the atomic motions of matter is highly pro- 
bable. We have reason to believe that it is essentially 
identical with the power which manifests itself sometimes as 
light and heat, sometimes as electricity and magnetism. 

Many of the phenomena described in the foregoing pages 
serve to illustrate the modes in which this force operates. 
We observe in the first place that it acts only at inappreciable 
distances; bodies must apparently be in absolute contact be- 
fore they unite. Hence the slowness of the action generally 
observed between solids when mixed together. Certain solid 
substances, however, seem to combine with groat energy : if 
a few crystals of iodine are placed on a small piece of phos- 
phorus, the phosphorus takes fire, and phosphorus iodide is 
formed ; in this case, however, the combination is initiated by 
the action of the vapour of iodine on that of the phosphorus, 
and so much heat is evolved that combination of the whole 
rapidly follows from the gradually increasing rapidity of the 
vaporization. If the materials be strongly cooled before 
being placed in contact, no action results. 

The combination of carbon with iron in the manufacture 
of steel by the cementation process, has been cited as an 
illustration of the union of two solids; in reality, however, 
the carbonization of the iron is efiected, as will be shown 
hereafter, by the action of the gaseous oxides of carbon. By 
continued contact, however, two solid bodies may be made 
to unite, especially if agitated together; thus, if potas- 
sium and sodium be shaken together under naphtha, they 
combine to form a fluid alloy. Elements which closely 
approximate in chemical properties manifest very slight 
aEiitjr for each other, and the compounds which they form 
by their mutual union are comparatively unstable; this is 
well illustrated by the combinations formed by the halogens 
among themselves. 

The mutual affinities of substances are often greatly modi- 
fied by external circumstances. Of this fact, moxi'j ^^•a.xK^'^ 
might be £;ire2h Thus mercury at a tempeiaitxM^ Ti"5i^x '"^^ 



13 IKOROAtllC CHKHismr. 

boiling point absorbs oxygen from the air, and niercurio 
oxide is formed; at a slightly higher temperature this com- 
poQsd is decomposed into its elements. Mercury and oxygen, 
therefore, at a high tempt'ratnr«, either &o longer possess 
mutual affinities, or under the influence of other conditions, 
resulting from high teniperatnr«>s, these affinities are dormant^ 

Ammoniit and hydrochloric acid at ordinary temperatures 
unite to form ammonium chloride; ammonium chloride at a 
high temperature is i.lect>mpostHl into ammonia and hydi-o- 
chloric acid, and at a still higher temperature, the ammonia 
is resolved into nitrogen and hydrogen, and the hydrochloric 
acid iikto hydrogen and chlorine. 

Ammonium chloride and calcium carbonate heated together, 
in a solid state, yield calcium chloride and antmonium car- 
bonate, which volatilises; but on mixing solutions of calcium 
chloride and ammonium carbonate, ammonium chloride and 
calcium carbonate are pr<xluced. 

Steam pa3se<l through a red-hot gun-barrel is decomposed 
into oxygen and hydrogen, and trilerric tetroxitle (FcjO^) is 
prwluceil; on jwissiug hytlw^n over heated tiifemc tetroxide, 
water is formed together with metallic iron. The nature of 
the reaction dei)ends upon the rtilativo pro[)ortion of the gases 
present; a mixtui'e of steam and hydn^n, in certain pi^ipor- 
tions, appears to have no effect upon a heated mixture of iron 
and ferroso-forric oxide (Fe^O^). This particular proportion 
may be obtained by heating iran with a confined volume of 
Bteam, or ferroeo-ferric oxide with a confined volume of hydro- 
gen; after a time all chemical action appears to cease. 

The decomposition of many bodies under the influence of 
heat is modified in a very remarkable manner by conducting 
the process in sealed vessels, or niider such couditions that 
the products are not removed fi-ont the sphere of action. 
Vlii,i.--iiliiji-iis [uril.i .lii.ivide, on heiitiug, is readily and coni- 
1 into the trichluriite and &ee chlorine, if 
I vi'issel, or if the chlorine be allowed to 
: heiice it was formerly supt)osed that the 
■ms pentachloride could not exist in the 
^'■^> ever, the pentachloride be heatinl in a 
,1 1 1 »turated with the vajwur of the tri- 
igtucv ivs^iHait ibr it to WLUI «8 & ^aa-, and by 
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taJdng advantage of this fact, Wurtz has succeeded in show- 
ing that it possesses the normal vapour density. 

On the other hand, by rapidly separating the dissociated 
molecules, or by lowering their temperature, the rate of de- 
composition of a substance by heat is greatly augmented. 
As Grovie showed many years ago, steam, at a high tempera- 
ture, is resolved into oxygen and hydrogen, which recombine 
in great measure on cooling; if, however, some substance be 
present capable of removing, even temporarily, one of the 
gases, recombination will be prevented; thus when steam is 
passed over melted silver, free hydi'Ogen is obtained, the 
oxygen being dissolved by the metal as it would be in water . 
or sdcohol. Other compound gases, as sulphur dioxide and 
the oxides of carbon, may be decomposed in like manner if 
care be taken to lower the temperature of the liberated pro- 
ducts below the point at which they recombine. 

As we have seen, many compound gases may be decom- 
posed by the continued passage of induction sparks; the action 
of the spark is entirely due to its high temperature. The 
molecules in its neighbourhood are alone decomposed, and 
the products immediately diflfuse into the cold mass of the gas, 
whereby their temperature is reduced below that at which 
they combine. Obviously, after a time, the reverse action 
would take place, and the products will commence to recom- 
bine; hence there must be a certain mixture of the original 
gas and decomposed products at which no action will appear 
to occur. 

Ordinary solid paraffin may be volatilised by heat, and at 
a high temperature may be dissociated into a mixture of 
hydrocarbons of the C^Hgn+g and C^Hgn series, the greater 
proportion of which seem to recombine on lowering the tem- 
{lerature; if, however, the dissociated molecules be removed 
as rapidly as they are formed, the whole of the solid paraffin 
may be gradually decomposed into a mixture of liquid hydro- 
carbons. Stearic acid, under similar conditions, is also decom- 
posed into gaseous and liquid products. 

Acetic acid added to potassium carbonate expels carbon 
dioxide and forms potassium acetate; if, however, potas- 
siam acetate be dissolved in alcohol, and treated witkcaxV^oti 
dioxide^ potaaaum carbonate is reproduced, togjb\iXi'et '^\J(Xi 
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free acetic acid; tlie carbonate, being insoluble in alcohol, is 
precipitated as fast as it is produced. 

Strong nitric acid heated with lead chromate forms chromic 
acid and lead nitrate, which is almost insoluble in the strong 
acid; on the addition of water, the reverse change occurs, lead 
chromate is reproduced, together with free nitric acid. 

A remarkable instance of the effect of extraneous conditions 
in modifying chemical action is seen in the formation of ethene 
chloriodide (CgH^ICl). This curious substance, the analogue 
of Dutch liquid, unlike that liquid, cannot be readily formed 
by the direct union of its components. If ethene and iodine 
chloride be brought together, ethene dichloride and free iodine 
are formed : 

In reality, however, the reaction occurs in two phases : the 
chloriodide is first formed, but under the influence of a second 
molecule of the iodine chloride it is decomposed with the for- 
mation of Dutch liquid and iodine : 

(1) C2H^ + IC1=C2HJC1. 

(2) C2HJCl + ICl=CaH4Cla + Ia. 

By adding iodine chloride to water a portion is decomposed 
in accordance with the equation : 

5IC1 + 3HaO = 5HC1 + HIO, + 2Ia, 

the extent of the decomposition depending on the ratio of 
the amount of the products of decomposition to the amount 
still imdecomposed. This is proved by the fact that the liquid 
after a time experiences no further change, but that if the 
precipitated iodine be removed, either by filtration or by the 
addition of carbon bisulphide, a further decomposition ensues. 
The solution dissolves iodine monochloride in considerable 
quantity, and if treated with a current of ethene gas, ethene 
chloriodide separates out immediately, since it is insoluble in 
water. Its rapid removal by precipitation from the solution 
containing the monochloride is probably the cause of its 
permanence under these conditions. 

Pressure frequently exercises a very marked effect upon the 
progress and direction of a chemical change. Thus the de- 
f?omposition of the paraffin, above cited, is greatly augmented 
4r incre^in^ the pressure under which the reaction occurs 
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Acetic add expels carbon dioxide from marble at the ordi- 
nary pressure and temperature; but, under great pressui'e, a 
solution of calcium acetate is decomposed by carbon dioxide 
with formation of crystallised calcium carbonate. Certain 
reactions can only be produced under the influence of pres- 
sure. On the other hand, some reactions, as in the case of 
the action of acids upon zinc (see YoL L, p. 51), are com- 
pletely arrested by great pressure. 

The relative proportions of the reacting bodies, or of the 
products, frequently influence the result of the change. This 
was clearly pointed out by Berthollet many years ago, but 
the attempt made by him to include the observed phenomena 
under certain general laws has been only partially successful. 
(For further details, the student is referred to JFcUts* Diction- 
ary of Chemistry, VoL I., and Supplements L and II., Art, 
" Chemical Affinity:') 

S. fielations of Chemical Affinity to Heat — ^Every mani- 
festation of chemical action is accompanied by a thermal 
disturbance, usually consisting in the production of heat. 
To take a simple case: bromine added to amylene, forms amy- 
lene dibromide, and a considerable amount of heat is evolved. 
Here the heat results entirely from the chemical reaction 
between the two substances; l^e reacting bodies are liquids, 
and the product is a liquid, and no change of volume follows 
the union. As a rule, the thermal phenomena observed in 
chemical changes are very complicated, and the eflect is 
frequently the nett result of opposing reactions. Thus a 
considerable rise of temperature is observed in the preparation 
of hydrogen from zinc and sulphuric acid, but the actual 
development of heat is much less than should result from 
the direct chemical action. The action of the acid upon the 
metal and the partial hydration of the zinc sulphate generate 
heat; on the other hand, the solution or liquefaction of the 
salt, and the liberation of the gas, produce cold; and the 
phenomena is further complicated by other secondary eflects, 
some operating in one direction and some in the other; hence 
the result is simply the balance of opposite tendencies. 

The actual amount of heat or cold generated in a given 
chemical change is, however, invariable, and ia a ^\i^%\ea\. 
ponstant of great importance. Thus 1 gram o£ Yi^Axo^eoL^SL 
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depends upon the physical state of the products. Thus, in the 
case of the union of oxygen and hydrogen, it is made up of 
that formed by the actual combination, together with the 
amount produced by the condensation of the vapour. The 
quantity of heat evolved also varies with the molecular con- 
dition of the reacting body; this is seen in the cases of 
sulphur and the different allotropes of carbon and phos- 
phorus. A certain amount of heat seems to be utilised in 
bringing them to a paHicular molecular condition before 
combination occurs. In the case of the formation of hydri- 
odic acid, heat is absorbed. In all cases the thermal effect 
is simply the nett result of a series of positive and negative 
actions; and it may happen that the amount of heat needed 
to change the state of the iodine, and to effect the disunion of 
the hydrogen and iodine molecules prior to combination, is 
greater than is actually evolved in their union; hence heat 
has to be supplied externally, that is, from the apparatus 
in which the change occurs, and cold results. 

The amount of energy required to undo the work of com- 
bination is doubtless equal to that needed in its production; 
hence the greater the development of heat in the formation 
of a body, the greater is its stability. This is well seen in 
the case of the combinations of hydrogen with the halogens; 
the greatest heat is evolved in the formation of hydrochloric 
acid, and this body is by far the most stable of the three 
hydrides. Thomsen has also shown that the amount of heat 
evolved in the formation of the oxygen compounds of iodine 
is much greater than that evolved in the production of the 
corresponding chlorine compounds, and still greater than that 
yielded by the imion of bromine and oxygen; the order of 
stability observed among the haloid compounds of oxygen 
agrees precisely with this result. So, too, in the case of the 
Bolphur acids: the most stable member of the series is sul- 
phuric acidy and the largest amount of heat is developed in 
its f onnation. 

The combination of oxygen with many substances may be 
saf^pOBed to occur in two or more phases : thus, since carbon 
uniteB with oxygen in two proportions, it may be assumed 
that :Uie first phiMse consists in the formation of the monoxide, 
and tiiat this gas afterwards combines with a second atom of 

10— U. B 
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combining with oxygen to form water evolves sufficient neat 
to raise 34,000 grams of water from 0° to 1^ C; in combining 
with 35*5 grams of chlorine, to form hydrochloric acid, it 
evolves about 22,000 units of heat; that is, sufficient heat to 
raise 22,000 gi'ams of water from 0^ to 1®. 

The following Table shows the amount of beat generated 
by the union of certain elements with oxygen : — 

HEAT OF COMBINATION OP ELEMENTS WITH OXYGEN. 





Product. 


Weight 
burned 

iu 
grams. 


Grams of 
water heated 
from 0* to W 


Observer. 


Hydrogen, .... 

,, ... 

»» . « • . 
Carbon— 

a. Charcoal, . . 

b. Graphite, . . 

c. Diamond, . . 
Phosphorus — 

Yellow, .... 
Red, .... 
Sulphur — 

a. Octahedral, . 

b. Prismatic, . . 

Iron, 

Zinc, 

Tin 

Copper, .... 


HaO (Uquid) 
»» >» 
»> >» 

CO, (gas) 

CO, „ 
CO, „ 

P,0, (solid) 

SO, (gas) 
SO, „ 

Fe30, 
ZnO 
SnOa 
CuO 


I 
1 
1 

12 

12 
12 

31 
31 

32 
32 

50 
65-2 
1181 
631 


33,881 
34,462 1 
34,178 

J 94,800 
i 96,960 ) 
93,564 \ 
93,240 

184,543 
157,170 

71,040) 
72,320 5 

88,592 

86,450 

135,360 

38,304 


Andrews. 
Favre and 
Silbermann 


Thomsen. 

Andrews * 

Favre and 

Silbermann 

>> 

Favre and 
Silbermann 

Andrews. 
»» 



HEAT OP COMBINATION OP THE HALOGENS WITH HYDBOGEN. 

(Thomsen. ) 





Product 


Weight Burned 


Heat Units. 


Chlorine, 

Bromine, .... 
Iodine, 


HCl 

HBr 

HI 


35-5 
80 
126-7 


22,000 

8,440 

-6,036 



The amount oi heat actually produced in these reactions 
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depends npon the physical state of the products. Thus, in the 
case of the union of oxygen and hydrogen, it is made up of 
that formed by the actual combination, together with the 
amount produced by the condensation of the vapour. The 
quantity of heat evolved also varies with the molecular con- 
dition of the reacting body; this is seen in the cases of 
sulphur and the different allotropes of carbon and phos- 
phorus. A certain amount of heat seems to be utilised in 
bringing them to a pai*ticular molecular condition before 
combination occurs. In the case of the formation of hydii- 
odic acid, heat is absorbed. In all cases the thermal effect 
is simply the nett result of a series of positive and negative 
actions; and it may happen that the amount of heat needed 
to change the state of liie iodine, and to effect the disunion of 
the hydrogen and iodine molecules prior to combination, is 
greater than is actually evolved in their union; hence heat 
has to be supplied externally, that is, from the apparatus 
in which the change occurs, and cold results. 

The amount of energy required to imdo the work of com- 
bination is doubtless equal to that needed in its production; 
hence the greater the development of heat in the formation 
of a body, the greater is its stability. This is well seen in 
the case of the combinations of hydrogen with the halogens; 
the greatest heat is evolved in the formation of hydrochloric 
acid, and this body is by far the most stable of the three 
hydrides. Thomsen has also shown that the amount of heat 
evolved in the formation of the oxygen compounds of iodine 
is much greater than that evolved in the production of the 
corresponding chlorine compounds, and still greater than that 
yielded by the imion of bromine and oxygen; the order of 
stability observed among the haloid compounds of oxygen 
agrees precisely with this result. So, too, in the case of the 
sulphur acids: the most stable member of the series is sul- 
phuric acidy and the largest amount of heat is developed in 
its formation. 

The combination of oxygen with many substances may be 
supposed to occur in two or more phases : thus, since carbon 
imites with oxygen in two proportions, it may be assumed 
that the first phase consists in the formation of tliQ tcvoho^a.^^^ 
and that this gajs afterwards combines with, a Becondi ^iXiOxsi oil 
20— Ji. ' ^ 
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oxygen to form the dioxide. Experiment has shown that 
the heat evolved in the union of oxygen with copper and tin, 
to form the cuprous and stannous oxides, is exactly half oi 
that generated in converting the metals into cupric and 
stannic oxides. Carbon apparently forms an exception in 
this respect, since the amount of heat evolved in the trans- 
formation of the monoxide to the dioxide is much greater 
than that formed in the conversion of carbon to the monoxide; 
but the difference may be due to heat b«ng absorbed in 
changing the physical state of the carbon. 

On dissolving a salt in water, the usual thermal effect is 
the production of cold, since heat is absorbed in the liquefac- 
tion of the solid; but in certain cases, as in the addition of de- 
hydrated sulphates of copper or zinc to water, a great amount 
of heat is evolved, due primarily to the chemical union of the 
water with the salt. The actual amount of heat produced is, 
however, less than that corresponding to this action, since a 
certain amount is absorbed in dissolying the product. Many 
gases dissolve in water with considerable rise of temperature, 
the heat being due partly to the liquefaction of the gas, and 
partly to its chemical action on the water. 

On mixing many liquids, such as alcohol and water, and 
sulphuric acid and water, a considerable amount of heat is 
developed. The quantity of heat evolved in the hydration 
of sulphuric acid is seen in the following Table; the numbers 
in the second and third columns express the amount in kilo- 
gram degrees evolved in the formation of the several hydrates 
from 1 gram HgSO^, as observed by Favre and Quaillard, 
and by Pfaundler. 





Favro and Qaaillaid. 


Pfaundler. 


H^SO^ with HaO 


66-4 


69-72 




2HaO 


99-5 


103*44 




3H2O 


118-3 


118-86 




4HaO 


130-1 


131-73 




5H2O 


139-2 


140-80 




6H,0 


146-9 


148-09 




„ IgOHaO 


. « • 


181-16 



4. Laws of Combination by Volume— Specific Volume. — 
1. OJ Gases, — Since equal volumes of two gases, measured 
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under like conditions, contain as a rule the same number of 
molecules, it follows that the volumes of any two gases, which 
unite to form a third gas, must be to one another in the same 
ratio as the number of molecules combining to form the third 
molecule. Thus one molecule of hydrogen unites with one 
molecule of chlorine to form two molecules of hydrochloric 
acid gas; hence since a given volume of hydrogen and of 
chlorine contains the same number of molecules, it is evident 
that hydrogen and chlorine must combine in equal volumes 
to form hydrochloric acid gas. In like manner, to form the 
molecule of water (HgO), two volumes of hydrogen unite with 
one volume of oxygen; so, too, in the case of ammonia (NH3), 
nitrogen and hydrogen unite in the proportion of one volume 
of the former to three of the latter. What is true of the 
simple gases is equally true of the compound gases; we find 
that the combination of compound gases with simple gases, 
or of compound gases with one another, is regulated by laws 
as simple as those which determine the combination of the 
elementary gases alone. These laws were first stated by 
Gray-Lussac; he found that the volumes in which gases com- 
bine can be expressed by such simple numbers as those above 
given; and that the volume of the compound gas always 
stands in a very simple relation to the sum of the volumes 
of its constituents before combination. 

We have already seen that the molecule of a compound 
gas occupies the same volume as the molecule of hydrogen, or 
twice the volume occupied by the atom of hydrogen; accord- 
ingly, the specific gravity of a compound gas is half its mole- 
cidar weight, hydrogen being the unit (Vol. L, p. 157). The 
number obtained by dividing the molecular weight of a body 
by its specific gravity is termed its itpecific volume; in the 
case of gases, both simple and compound, this number is 
equal to 2. 

2. Of lAxjmds a/nd Solids, — Comparatively little is known 
of the laws of combination by volume of liquid and solid 
bodies, and what has actually been observed does not admit 
of such simple expression, and is by no means so generally 
applicable, as in the case of gases. 

In comparing the specific volumes of liquids, it is necessary 
to know their specific gravities under comparable conditions 
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combining with oxygen to form water evolves sufficient neat 
to raise 34,000 grams of water from 0° to 1^ C; in combining 
with 35 "5 grams of chlorine, to form hydrochloric acid, it 
evolves about 22,000 units of Jieat ; that is, sufficient heat to 
raise 22,000 grams of water from 0^ to 1®. 

The following Table shows the amount of heat generated 
by the union of certain elements with oxygen : — 

HEAT OF COMBINATION OP ELEMENTS WITH OXYGEN. 





Product. 


Weight 
burned 

iu 
grams. 


Grams of 
water heated 
from 0° tor. 


Observer. 


Hydrogen, .... 
»» ... 

,, .... 
Carbon— 

a. Charcoal, . . 

6. Graphite, . . 

c. Diamond, . . 
Phosphorus — 

Yellow, .... 

Red, .... 
Snlphur — 

a. Octahedral, . 

h. Prismatic, . . 

Iron, 

Zinc, 

Tin, 

Copper, .... 


HaO (Uquid) 
»» »> 

»» a 

CO, (gas) 

CO, „ 
CO, „ 

P2O5 (solid) 
»> »> 

SO, (gas) 
SO, „ 

Fe^O^ 
ZnO 
SnO, 
CuO 


I 
1 

1 

12 

12 
12 

31 
31 

32 
32 

50) 
65-2 
118-1 
631 


33,881 
34,462 1 
34,178 

J 94,800 
1 96,960 I 
93,564 
93,240 

184,543 
157,170 

71,040 ) 
72,320 5 

88,592 

86,450 

135,360 

38,304 


Andrews. 
Favre and 
Silbermann 
Thomsen. 

Andrews * 
Favre and 
Silbermann 
ii 

») 
>» 

Favre and 
Silbermann 

Andrews. 
>» 
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(Thomsen. ) 





Product, 


Weight Burned 


Heat Units. 


Chlorine, 

Bromine, .... 
Iodine, 


HCl 

HBr 

HI 


35-5 
80 
126-7 


22,000 

8,440 

- 6,036 



The amount of heat actually produced in these reactions 
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depends upon the physical state of the products. Thus, in the 
case of the union of oxygen and hydrogen, it is made up of 
that formed by the actual combination, together with the 
amount produced by the condensation of the vapour. The 
quantity of heat evolved also varies with the molecular con- 
dition of the reacting body; this is seen in the cases of 
sulphur and the different allotropes of carbon and phos- 
phorus. A certain amount of heat seems to be utilised in 
bringing them to a particular molecular condition before 
combination occurs. In the case of the formation of hydii- 
odic acid, heat is absorbed. In all cases the thermal effect 
is simply the nett result of a series of positive and negative 
actions; and it may happen that the amount of heat needed 
to change the state of tiie iodine, and to effect the disunion of 
the hydrogen and iodine molecules prior to combination, is 
greater than is actually evolved in their union; hence heat 
has to be supplied externally, that is, from the a{)paratus 
in which the change occurs, and cold results. 

The amount of energy required to undo the work of com- 
bination is doubtless equal to that needed in its production; 
hence the greater the development of heat in the formation 
of a body, the greater is its stability. This is well seen in 
the case of the combinations of hydrogen with the halogens; 
the greatest heat is evolved in the formation of hydrocliloric 
acid, and this body is by far the most stable of the three 
hydrides. Thomson has also shown that the amount of heat 
evolved in the formation of the oxygen compounds of iodine 
is much greater than that evolved in the production of the 
corresponding chlorine compounds, and still greater than that 
yielded by the union of bromine and oxygen; the order of 
stability observed among the haloid compounds of oxygen 
agrees precisely with this result. So, too, in the case of the 
sulphur acids: the most stable member of the series is sul- 
phuric acid, and the largest amount of heat is developed in 
its formation. 

The combination of oxygen with many substances may be 
supposed to occur in two or more phases : thus, since carbon 
imites with oxygen in two proportions, it may be assumed 
that the first pha^ consists in the formation of the monoxide, 
and that this gas afterwards combines with a second atom of 
10—11. ' B 
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those found directly for bromine and iodine cliloride. We 
are thus warranted in concluding that bromine and iodine 
chloride possess the same volume in a compound which they 
have in the free state. It has also been i&own that this is 
true of many solid bodies, particularly of the heavy metals, 
but that it is not true of the lighter metals, as of the alkalies. 
Hence it follows that, as a rule, equivcUerU fua/rUitiesofvaTrious 
elements f in uniting with the same quantity of a given element, 
receive eqtud increments of volume (Schroder; Kopp). If, 
therefore, we determine the specific volumes of a number of 
metals, and of their oxides or chlorides, the differences 
between the two sets of values afford us the means of calcu- 
lating the specific volumes of oxygen and of chlorine when 
in combination in a solid body. The numbers thus obtained 
for oxygen and chlorine are less than those calculated from 
liquid compounds. This, indeed, is what we should expect; 
for the specific volume of a body is the space occupied by its 
atoms, together with the interstitial spaces, and we have 
reason to believe that these interstitial spaces are less in solid 
than in liquid bodies. The densities of many isomorphous 
bodies are proportional to their molecular weights, hence it 
follows that many isomorphous compounds have equal specific 
volumes. Thus in the case of the isomorphous sulphates 
of magnesium and zinc — 

mol- wt. sp. gr. 8p60. toL 
MgS0^.7HaO - - - 246'07 1678 1467 
ZnS04.7HaO - - - 287*23 1063 146*2 

Thus, too, in the case of the carbonates of load and 
strontium — 

mol. wt 8p. gr. spec. toI. 
SrCOa .... 147-54 3605 4092 
PbCOo - - - . 266-9 6-47 41-26 

These two compounds, moreover, possess the same molecular 
heat; hence it would appear that Avogadro's law may, in a 
limited sense, be extended to solid substances; we may say 
that equal volumes of certain solid bodies contain the same 
number of molecules. 

It has been shown that in all cases where a transposition 
takes place between solids, the products being solids, the 
sum of the specific volumes of the reacting bodies is always 
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greater than the specific volumes of the products; in other 
words, the transposition is always accompanied by contraction. 
It would further seem that the energy of the reaction and 
the stability of the resultant products depend upon the 
amount of contraction which occurs. 

It has been pointed out that the volume of certain highly- 
hydrated salts, as the phosphates and arsenates of sodium, 
which crystallise with twelve molecules of water, and sodium 
carbonate, which ordinarily crystallises with ten molecules, 
is exactly equal to the volume of the water they contain 
considered as ice. It would seem that in these salts the atoms 
of the acid and base must exist in the interstitial spaces since 
they do not increase the bulk (Playfair and Joule). On the 
other hand, in the cases of certain other classes of salts, as 
the alums and the sulphates of the form M"S04, GHgO, the 
volume appears to be made up of that of the solid water and 
that of the metallic oxide. 

5. Quantivalence of the Elements. — On comparing the 

composition of the hydrides of the non-metallic elements, it 
becomes evident that these elements diflfer greatly in their 
power of combining with hydrogen; and that, indeed, they 
miay be classed into comparatively few groups, in accordance 
with this property. For instance, each member of the group 
of the halogens combines with only one atom of hydrogen — 

HF, Hydrogen fluoride. 
HCl, Hydrogen chloride. 
HBr, Hydrogen bromide. 
'HI, Hydrogen iodide. 

Each of the members of the sulphur gi'oup has the power 
of uniting with two atoms of hydrogen — 

HjO, Water. 
HjS, Hydrogen sulphide. 
H^Se, Hydrogen selcnido. 
HgTe, Hydrogen telluride. 

Each member of the nitrogen gi'oup can hold in stable 
union three atoms of hydrogen— 

HgN, Hydrogen nitride* 
H^P, Hydrogen phosx)hide. 
HgAs, Hydrogen arsenide. 
H«Sb, Hydrogen antimonide* 
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Lastly, an atom of carbon and of silicon can combine with 
f(mT atoms of hydrogen — 

H4C, Methane. 

H^Si, Hydrogen silicide. 

Chlorine may be made to replace the hydrogen in methane 
atom after atom; we thus get the following series: — 

CM^y CUgCly CS2CI3) CMGIs) GCl4« 

It is evident from these formulae that chlorine is chemically 
equivalent to hydrogen; we have also seen that for each 
hydride of the sulphur group and of the nitrogen group, we 
have a corresponding chloride. We may therefore, if we 
please, make chlorine our standard of the chemical value, or 
atom-fixing power of the elements. 

It appears, therefore, that the various non-metallic elements 
have different combining capacities or affinity-values, as 
measured by their power of holding in stable union atoms of 
hydrogen or chlorine, or other substance chemically equiva- 
lent to these ; this is expressed by saying that their qytAmii" 
valence is different. 

Now what is true of the non-metals in this respect is 
equally true of the metals; this, indeed, we should expect, 
for we have no d priori reason for believing that the two 
groups would show a radical difference in this particular 
when we fail to perceive it in any other. We may therefore 
classify the elements into groups, depending upon their 
chemical values or quantivalence. 

And not only may the elements be so classed, but also 
those groups of elements or compound radicles, as they are 
termed, which, as in the case of cyanogen, go in and out of 
combination like a simple body. The parallelism which 
exists between the combinations of chlorine and cyanogen 
has already been exhibited; it is evident that this compound 
radicle is chemically equivalent to chlorine. When benzene 
is acted upon by nitric acid, nitrobenzene is formed — 

the radicle NOg has replaced an atom of hydrogen in the 
benzene, it is evidently, therefore, chemically equivalent to 
hydrogen, and, like that element, has the power of uniting 
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with an atom of chlorine; it thus forms nitryl chloride 
(NaCl). 

"Wlien sulphur dioxide is brought into contact with chlorine, 
su^huryl chloride (SOgClo) is formed; a similar compound 
with bromine is known. Moreover, a moiety of the chlorine 
may be replaced by the group NOg or OH; or both atoms of 
the chlorine may be replaced by the latter group; thus 



S^«{ci S^Wir SO,^^- 



MCI *"^MBr ^^»|0H 

Sulphoryl chloride. Solphoryl Dromide. Salphuryl bydroxyl chloride. 



so.j^f' so,! NO. «^'lo2 

Sulphoryl nitryl chloride. Leaden chamber crystals. Salphorio acid. 

It is evident from the above formulse that this group SOj 
has the power of combining with two atoms of chlorine, or 
with the chemically equivalent quantity of any other element 
or compound radicle. 

The groups phosphoryl (PO) and phosphothionyl (PS) can 
combine with three atoms of chlorine, or an equivalent 
amount of any other element or compound radicle ; thus 

(CI (HO (CI 

PO ^ CI PO ^ HO PS \ CI 

(CI (HO ( CI 

mioephoryl chloride. Phosphoric acid. Phosphothio-chloride. 

Elements or compound radicles which have the power of 
uniting with only one atom of hydrogen or chlorine, or of any 
other element chemically equivalent to these, are termed 
monads, or are said to be monovalent When they unite with 
two atoms they are dyads or divalent; when with three atoms 
they are triads, or are trivalent ; with four atoms, tetrads ; 
with five atoms, pentads; with six atoms, heocads. 

The chemical value of the element or compound radicle 
may be indicated by placing the corresponding Roman 
numeral over the symbol, thus : 

inn ni in it 

CN : O : SOa : N : PO : C. 
Comparatively few of the metals unite with hydrogen, but 
all of them combine with chlorine, which is chemically equi- 
valent to hydrogen; hence the quantivalence of the elements 
is most frequently deduced from their combinations with 
chlorine. 
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In order to exliibit the mode in which the combining powers 
are satisfied in a compound, it is usual to attach to the symbols 
of the elements or compound radicles a number of strokes 
equal to the number of units of aflGinity which they possess; 
thus: 

I 
H— —0— —N— —C— 

1. ' 

We may thus represent the composition of hydrochloric acid, 

water, ammonia, and methane: 

H 

H-Cl H-O-H H-N— H H-C-H 



I 
H H 

and since an atom of oxygen is chemically equivalent to two 
atoms of hydrogen, it is capable of neutralising two combin- 
ing units of an element or compound radicle, thus : 

So"=0 0=0=0 

Sulphur trioxide. Carbon dioxide. 

A dyad like oxygen or sulphur may, however, unite with 
an element or group of elements with only one of its affinities, 
the other remaining free or capable of saturation by union 
with a second atom of a dyad; thus in the case of the potas- 
sium sulphides : 

Monosnlphide, - - K — S — K 

Disulphide, - - - K— S-S— K 

Trisnfphide, - - K— S— S— S— K 

Tetrasulphide, - - K— S— S— S— S— K. 

It is evident, therefore, that the atomic value of a body can- 
not be imequivocally deduced from its combinations with 
divalent elements. 

The quantivalence of an element is, however, not always 
immediately indicated by the composition of its haloid deri- 
vatives, since it frequently happens that the body has the 
power of imiting with chlorine and its congeners in more 
than one proportion; thus we have two compounds of copper 
and chlorine, one of which contains twice as much chlorine 
as the other. The simplest expression of the analysis of 
these compounds would be respectively 

CuCl and CuCl, ; 
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the £rst formula would seem to indicate that Cu is a monad, 
the second that it is a dyad. Other considerations, however, 
lead to the belief that copper is divalent; hence we suppose 
that a molecule of the lower chloride contains two atoms of 
copper combined with two atoms of chlorine, thus — 

Cu— CI 

Cu— CI. 

But there are a number of cases in which a body combines 
in different proportions with a monad which cannot be so 
explained, since the nmnber of atoms in the molecule admits of 
direct determination ; thus phosphorus and tin each form two 
chlorides, SnClg and SnCl^, PCI3 and PCI5. In the trichloride, 
phosphorus would seem to be a triad, and in the pentachloride, 
a pentad; that is, phosphorus possesses a variable atomic 
value; so, too, with tin : in the dichloride it is a dyad, and in 
the tetrachloride it is a tetrad. It will be evident from the 
examples of the chlorides of copper that the atomic value of 
an element can only be deduced with certainty when we know 
the number of atoms present in the molecules of its haloid 
compounds. The most generally applicable mode of deter- 
mining the molecular weight of a body is from its vapour 
density. But it happens that the vapour density of many 
of these compounds which seem to afford a variable atomic 
value for an element cannot be determined, for the reason 
that the body is not volatile, or if volatile, is readily disso- 
ciated. Thus the nitrogen in ammonia appears to be 
triadic, but in the combination of ammonia with hydro- 
chloric acid, sal-ammoniac, this element would appear to be 
a pentad — 

H 

H-N— H H-N-H 

I /\ 

H Ha 

But when ammonium chloride is volatilised, it is decomposed 
into ammonia and hydrochloric acid. 

It has been shown that phosphorus pentachloride can exist 
in the gaseous state between certain narrow limits of 
temperatiu*e and pressure? but the combination is easily 
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decomposed into the trichloride and free chlorine. Two 
chlorides of iodine are known; a monochloride 101, and 
a trichloride IClg; accordingly, iodine may be regarded as a 
monad or as a triad. But the trichloride cannot be volatilised ; 
on heating, it is dissociated into the monochloride and free 
chlorine. Hence these combinations NH^Cl, PClg, and ICI3 
have been regarded as of little value in demonstrating the 
higher quantivalence of N, P, and I, respectively. Am- 
monium chloride may be considered as a combination of the 
molecule NHg with the molecule HCl; phosphorus penta- 
chloride of a molecule of the trichloride and a molecule of 
chlorine; iodine trichloride of a molecule of the monochloride 
and a molecule of chlorine. The chlorine is supposed to be 
combined with the phosphorus trichloride and the iodine 
chloride in a manner similar to that in which it is combined 
with water in the chlorine hydrate (CLlOHgO), or in the 
mode in which HCl is united to PtCl^ in the compound 
2HCl.PtCl4. In the case of ammonium chloride, the am- 
monia may be supposed to be united to the hydrochloric 
acid in the same manner that it is united with silver chloride 
in the compound AgCl.SNHg. Phosphoryl chloride (POCI3) 
and phosphoryl thiochloride (PSCI3) are regarded as indicating 
the pentadicity of phosphorus, and they have been thus 
formulated : 

a a 



CI— P=0 C1-P=:S 

Jl" ^ 



But if phosphorus be a triad these compounds must be thus 
represented : 

a CI 

P_o-a p— s-a 

CI CI 

The difference between the two formulse is that in the one 
case the oxygen and the sulphur are united to the phosphorus 
by both their afBbaities, whereas, in the second case, they are 
tmited by only one affinity, the other being combined with 
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cHorine. We Iiave already stated that the specifio volumes 
of oxygen and of sulphur vary with the manner in which 
these bodies are held in union. When attached to two 
atoms, oxygen has a specific volume 7*8, and sulphur that of 
22 '6 j but when both affinities are satisfied by combination 
with a single atom, oxygen and sulphur have respectively 
the specific volumes 12*2 and 28*6. Accordingly, if phos- 
phorus be a pentad in FOOI3 and PSCI3, the specific volume 
of O and S must be respectively 12*2 and 28*6; if, however, 
it is a triad, the values must be 7*8 and 22-6. Experiment 
shows that the specific volume of PCI3 is 93*68, that of POCl, 
is 101-57, and that of PSCI3 is 116*34. 

POCl, — PCI, = 
101*57 — 93-68 = 7-89 

PSCla — PCI, = S 
116*34 — 93*68 = 22*66 

Hence it would appear that phosphorus is a triad in theso 
compounds. 

The existence of a perfectly stable pentafluoride (PFr,), 
which is gaseous under ordinary conditions, nevertheless 
proves that phosphorus may be a pentad in certain combina- 
tions. Accordingly, we must conclude that this element 
possesses a variable atomic value, depending upon the 
conditions under which its affinities exert themselves. The 
consideration of many similar cases leads us to conclude 
that we cannot affix an absolute atomic value to any 
element. 

As a general rule, the variation in atomic value of the 
same element follows a very simple law; the quantivalence 
varies by two units. Thus phosphorus is triad and pentad; 
tin is a dyad and a tetrad; sulphur is a dyad, a tetrad, 
or a hexad; we never find that phosphorus is a dyad or tetrad, 
or that sulphur and tin are triads and pentads. 

The elements have accordingly been divided into two great 
classes: (1) oiperiasada, or elements of odd atomic value; and 
(2) of artiads, or elements of even atomic value. 

Still it would seem probable that an element may some- 
times behave as an artiad, and at other times as a perissad. 
Thus nitrogen has usually an odd atomic value^ but in the 



30 XNOBOANIO CHEHISTBT. 

dioxide at ordinary temperatures, and in the tetroxide above 
140^ it would seem to be an artiad* 

n"=o ^ 

/\ orO=N=0 

Nitrogen dioxide. 

Nitrogen tetroxide. 

Vanadium is usually a perissad, but in the dichloride and 
tetrachloride, and in the vanadyl dichloride and dibromide, it 
must be regarded as an artiad if the simplest results of the 
analysis of these compounds bo considered to expre^ tho 
composition of their molecules : 

V = Cl, Cla = V= CI J Cla = V = or CI - V - - CL 

Vanadium dioUloride. Vanadium tetraobloride. Vanadyl dichloride. 

The odd atomic value, however, is preserved if these for- 
mulas be doubled : 

CI— V— CI Cl3=V=Cla 

d— V— CI Cla=V=Clj, 

V3CI4 V^Clg. 

CI 
C1,=V=0 I 

I V— 0-a 

C1,=V=0 ._ I 

or, V-O-Cl 

v,o,cu ; ^ 

Hoscoe has shown that uranium, which has hitherto been 
regarded as an artiad, forms a pentafluoride; he has also 
established that both the tungsten hexachloride (WClg) and 
the pentachloride (WCl^^) afford normal vapour densities. 
These facts clearly indicate that the elements are not capable 
of that rigid division into groups of odd and even atomic 
value which has hitherto been supposed. 

It has already been observed that the atomic value of an 
element varies with the mode or phase of its existence. Our 
modem notions of the nature of heat prepare us to believe 
that the mutual affinities of two bodies may vary with the 
temperature, and it will be evident from the numerous examples 
given of abnormal vapour densities and dissociation that, as 
a rule, the atomic value of an element decreases with rise of 
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temperature. This will be seen in the case of the sulphur 
chlorides ; the power possessed by chlorine of holding atoms 
of chlorine in combination is greatest at low temperatures. 
There is also some evidence that the power of an element to 
hold other atoms in stable union depends upon the weight of 
the atoms so held. This fact is seen in the case of the 
pentahaloid derivatiYes of phosphorus; of the three known 
compounds, the fluoride is the most stable and the bromide 
the least stable. 

But even when we have apparently satisfied the prevailing 
atomic value of an element by allocating to it what we assumo 
to be the necessary complement of atoms of other bodies, it is 
frequently evident that the combining capacity of the whole 
molecule i§ not saturated. How otherwise can we explain tho 
power which many apparently saturated molecules have of 
combining with other equally saturated molecules, as seen for 
example in the existence of such a body as zircon (ZrOg-SiOg), 
or in the formation of double salts, or in the combination of 
water with salts? It is possible in certain cases that this 
combination of apparently satumted molecules may be due to 
the re-arrangement of the mode in which the affinities aro 
satisfied; thus in the combination of sulphur trioxide and 
barium oxide to form barium sulphate we may have : 

Before combins^tion : SO j = ; or, O — S = O, and Ba = O. 

Ill 

^ Salphur trioxide. BariQin monoxide. 

<0— Ba— 

/Ba or I I 
o-o/ 0~S=0 

11 


Barium sulphate. 

We cannot, however, so explain the combination observed at 
low temperatures of two molecules of water with a molecule 
of sodium chloride, or the union of silver chloride with am- 
monia, or that of platinic chloride with hydrogen chloride, 
and numerous other cases of similar nature. 

The relations between the properties of the elements and 
their atomic weights have been pointed out by various 
observers, and have recently been greatly developed by 
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Meudelejeff, who has shown that when the elements are 
arranged in the order of their atomic weights, the relations 
between these values and their chemical and physical properties 
exhibit the form of periodic functions. Thus, if we arrange 
the elements whose atomic weights are comprised between 7 
and 36 in this manner, we have— 

Li=7 0x1=9-4 B=ll = 12 N = 14 = 16 F=19 
Na=23 Mg=24 Al=27-3 Si=28 P=31 S=32 01=355. 

The properties of these elements vary regularly and periodi- 
cally with the increase in their atomic weight, and the cor- 
responding members of the several series resemble one another 
in properties; thus Li is analogous to Na, Gl to Mg, B to Al, 
and so on. The atomic value of the elements periodically 
increases and diminishes with the atomic weight; thus Li is 
a motiad, Gl a dyad, B a triad, C a tetrad, N a triad, O a 
dyad, F a monad, and a similar increase and diminution in 
atomic value is exhibited by the corresponding elements Na, 
Mg, etc. Similar relations are exhibited by the specific 
volumes of these elements : 

Na. Mg. Al. Si. P. S. 01. 

Sp.gr. 0-97 1-75 2-50 2 49 2*20 (red) 2*00 1-33 (liquid). 
Sp. voL 24 14 II 11 14 16 27. 

The other elements can in like manner be arranged in groups 
of small or short periods of seven, the members of which exhibit 
relations similar to those of the above groups (Mendelejeff.) 
The Table on the following page shows the elements arranged 
in the order of their atomic weights. 

The members of the even series (4, 6, 8, etc.) manifest, on 
the whole, strongly marked basic properties, and yield no 
volatile hydrides or compounds with alcohol radicles; on the 
other hand, the members of the uneven series (3, 5, 7, etc.) 
exhibit, generally speaking, acid characters, and combine for 
the most part with hydrogen and alcohol radicles. In thia 
respect, however, the second series is anomalous, since most 
of its members possess acid properties and combine with 
hydrogen and alcohol radicles. But this series is exceptional 
in other respects : the atomic weights of its members differ 
from those of the corresponding elements in the following 
series by only 16^ whereas in the other series this difference 



<)UAlimrALSNOE OF THB ELBUEKTS. 



83 



tOf^ OCOQO*4 OiCM l^-COkOl-« 



r 



I 



II 



f 



J X J 






It 

& u 

o5 H- 



o' W 



I I g* 

1 



i I 



O Q 

J 

1 



•« 

f 



•^ 

Kj 



H 1^ 
H 00 



I 



o Kl I "if 

*»' ^ il " 
GO OO CO 






N 



o 



L ^ 



8 S|| 



l>9 



I 

OO 



r g 



I 




if ^ 

CO 



f 

2 



o 

O «ODQ 



I I 



I I S 



lO -^ CO 



OO 



I I 



I 



I I 

IL 8l 



kO 






o» 






FJL 



I 



^JS 






I 



2§' 



CD 

tzSII 

?! 



S^ 



8- 



10—11. 



Q 

3 



Si ^ 
pi •« 



» i 

C I *o 






2wi 

01 «• '^ 






o 

Sd 3 



Q 
W.I 

Ops 



o 

? 



1- 



5- 

GO 
o 

3. 

§■ 
I 

CD 

I 

P 
09 

H 



II II iiiiiiFii 

>-^ >-• H-« H-« »-.* to ">4 

«o oj »«^ t5 1---;^^ 



I. 

a 



II II II II I1 1 II 

CO CO CO to fcO ic to 

0« to H-> 00 ^1 4^ CO 



c;i 



CO 



II II II : ; II II II II II 11 II II II ; ii ii 

Qp •>-i «^i * * O) o> Oi Oi Oi c;i o« Oi it^ * 1^ cc 
oooci c«C£Ooa>c;«twH^oo oo 



II II H II II II 11 II II : 



^^tooocotoooS^^ 



II 11 II U II II 



n? 



• • • 



• • • • • 

• • • • • 



oowo 

CD »^p OB 

II II II II 

t-d t—l h-* ^- 

1^ CO CO CO 
O00->4M 



: II II II II II II II II ; 

• to to to hS ►-• •— ' t-* "^ • 

oopoococosp 

00*^»^O^00^4C^ 



•■o 



^p P 1^ , 



II II II II : : 

H^ I— • »>^ »-ri • • 

0^ 



s^ggg?^ 



•15 "-O 



to* to< 



34 INORGANIC CHEMISTRY. 

varies from 24 to 28. The difference between the atomic 
weights of successive even series is about 46, but in the 
elements of the second and fourth it ranges from 32 to 36. 
According to Mendelejeff, the anomalies exhibited by the 
members of the second series are related to these differences 
and afford further evidence of the interdependence of the 
atomic weight and properties of an element. On account of 
their exceptional character, Mendelejeff calls the members of 
the second series typical dements, by which term they are 
designated in the Table on page 33; in the fact of their 
exceptional properties they resemble the lowest members of 
many homologous series, which frequently fail to exhibit all 
the properties of the higher homologues. 

Mendelejeff has applied these relations of periodicity among 
the atomic weights of the elements (1) to their classification; 
(2) to the determination of the atomic weights of little 
known elements; (3) to the prediction of the existence of 
other elements, of their properties and mode of occurrence; 
(4) to the rectification of doubtful atomic weights; and, 
lastly (5) to the extension of our knowledge of the forms of 
combination of compounds.* 

In this book the elements are classified according to their 
predominant atomic values, that is to say, in accordance with 
the quantivalence indicated by the majority of their most 
stable and best defined compounds. Such a method of classi- 
fication is not free from objection, but it serves, perhaps, better 
than any other yet devised to bring out the analogies and 
relations of the elements. 

In the accompanying Table the elements are arranged 
in natural groups or families, so as to illustrate their prevail- 
ing atomic values and the numerical relations which exist 
between their atomic weights. It would seem to be highly 
probable that we may have correlated groups of various 
degrees of quantivalence. The character of the sequences 
exhibited by the elements is very remarkable, and strengthens 
our belief in the existence of undiscovered elements. 

*Ann. der Chem, u Pharm., Suppl. VIII. , p. 133; see also WatU^ 
dictionary ^ Suppl. II., p. 462. 
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CHAPTER II. 



SPECTRAL ANALYSIS— ELECTRO-CHEMICAL 

DECOMPOSITION. 

The spectroscope has acquired such importance in chemical 
research that it is necessary to give some account of the 
principles upon which it is based, of the modes of its applica- 
tion, and of the chief facts to which it has led, so far at least 
as these relate to chemical science. 

Light is a result of molecular motion. The molecules of a 
luminous body are in a state of vibration, the rapidity of 
which varies with the degree of luminosity. This vibration 
is communicated to the ether, a highly elastic medium of 
great tenuity pervading all space; the ether is thus thrown 
into waves, to the amplitude and duration of which, as they 
strike the retina, are due the intensity and colour of the light. 
The rapidity of the oscillations producing the different degrees 
of colour observed in particular parts of the solar spectrum, 
and the corresponding lengths of the ether waves, are con- 
tained in the following Table : — 



Colour. 


Ko. of osoillations in 
one second of time. 


Length of Wares 

inmillionthsofa 

millimetre. 


Red, - 


477 billions. 


650 


Orange, 


506 „ 


609 


Yellow, - 


635 „ 


676 


Green, 


577 „ 


536 


Blue, 


622 


498 


Indigo, 


658 „ 


470 


Violet, - 


699 „ 


442 



The number of undulations corresponding to the various 
colours is inversely proportional to their wave-lengths; the 
most rapidly vibrating and shortest waves are those which 
excite the sensation of violet; the most slowly vibrating and 
longest waves are those which produce the sensation of 
red. 
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White light is the effect of waves of different lengths and 
times of oscillation all transmitted at the i*ate of 186,000 
miles in a second. On passing such light through a prism, 
the various portions of it are bent out of the original recti- 
linear course, some more than others, so that if the emergent 
and now decomposed light be allowed to fall upon a white 
screen we observe a succession of bands of colour without 
sharp lines of demarcation; such a series of coloured bands 
is called a spectrum. The waves which are least bent out of 
the original course are those corresponding to the red, those 
which are most diverted are the violet, and the position of 
the intermediate rays follows the order of diminishing wave 
lengths given in the Table. 

flie spectrum afforded by white light extends considerably 
beyond the limits commonly visible, and by special appliances 
it can be shown that both at the red and at the violet end 
are vibrations which make little or no impression on the 
retina under ordinary conditions. On account of their 
difference in wave length and rapidity of vibration the 
various rays producing a spectrum are capable of bringing 
about very different effects; the rays which are mainly con- 
cerned in giving the impression of light are comprised 
between the edges of the red and blue in the spectrum, the 
maximum effect being caused by those corresponding to the 
yellow; the more refrangible rays are specially concerned 
in chemical actions, as in the decomposition of silver salts 
or in the combination of chlorine and hydrogen, whilst tho 
less refrangible rays bring about the effiects of heat. The 
maximum heating effect is produced by vibrations outside 
the visible limit of the red, whereas, on the other hand, the 
maximum amount of chemical action results from rays at tho 
confines of the visible violet. 

The spectroscope is an instrument in which the vibrations 
of the molecules of luminous bodies, transmitted by means of 
the ether, are analysed. The ether vibrations are disentangled, 
so to say, and sorted into appropriate position, and are 
received directly upon the retina of the observer. Fig. 1 
represents an ordinary chemical spectroscope. 

The light emitted from the glowing substance enters the 
instrument through a narrow slit and passes along the collir 
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motor ti^ A, the lens in which makes the rays parallel; the 
raj's then pass through the prism P (the edge of which is 
plai^ parallel to the slit) whereby they are decomposed; the 
decompoeed light is received upon the eye of the observer 
placed at the end of the telescope B. Suppose now we pass 
through the slit other vibrations of a certain definite wave- 
length, these are bent out of their direct course in passing 
throng tJie prism, and we see a representation of the slit 
more or less magnified in accordance with the greater or less 
magnifying power of the telescope. Suppose now we send 
through t£e slit another set of definite vibrations difiering 
from the last, we obtain a second image of the sUt, but in 
(mother part of the field ; the position of the two images with 
respect to one another depending upon the wave-lengths and 
refiangibilities of the two sets of vibrations. For the same 




Fig. 1. 
reason the colom^ of the two images will vary. If, now, we 
pass through the slit vibrations of very difi'erent wave-lengths^ 
we shall have as many different images of the slit as we have 
definite sets of vibrations. If we pass white light, which 
contains all sorts of vibrations, through the slit, we obtaia 
■o many images that it becomes impossible to trace any 
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dark intervals between them; we have thus a continuous 
spectrum. 

We know of certain lights corresponding to definite wave- 
lengths: the light from incandescent sodium is of this 
character; its wave-length is about j^ millionth of a milli- 
metre, and it affects us with the sensation of yellow. Hence 
if we pass these vibrations through the prism, we perceive 
only a yellow representation of the slit. The light emitted 
from glowing thallium has also a definite wave-length, viz., 
j^ millionth of a millimetre, and is, therefore, monochro- 
matic. It produces the sensation of green. We have, there- 
fore, a green image of the slit. If, now, we simultaneously 
introduce into a flame compounds of thallium and sodium, 
and examine the mixed light by means of a prism, we shall 
observe a yellow and a green representation of the olit each 
in its appropriate position. Many compounds of barium 
colour the flame a peculiar yellowish-green; if this light 
be examined by the spectroscope, a number of coloured 
images of the sUt are seen which, if the slit be made very 
narrow by the adjusting screw, seen on the end of the colli- 
mator tube, appear as bright lines. Hence the light emitted 
from incandescent barium is composed of sets of vibi^tions 
of very varying wave-lengths and rapidity of oscillation. 
These barium Imes always occupy the same relative position, 
and, consequently, they may be employed to recognise that 
element. A number of other bodies also propagate vibrations 
which are constant in character for the particular substance 
even under widely divergent conditions, and hence the lines 
which they afford in the spectroscope may be employed for 
their detection. To examine a substance by means of the spec- 
troscope, a small bead of it, supported on the unlooped end of a 
thin platinum wire, is brought within the fusion zone of the 
non-limiinous gas flame, and the light emitted is viewed 
through the telescope. In the tube C is a photographic copy 
of a millimetre scale, an illuminated image of which is 
reflected frx)m the anterior side of the prism P into the tele- 
scope, and is thus seen in the field of vision; upon this 
illuminated scale, the position of the several lines afforded 
by the body under examination may be registered. The 
briUiancy of the lines increases with the temperature, and 
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at an inUinBe lioat, additional lines frequently make tbeir 
ap)>earanoo, due probably to the fact that the vibrations to 
-which they ooireipond are too feeble to render themselvea 
vijiiblo at low temperatures. Occasionally the heat of the 
Bungen llaine is insufficient to effect the volatilization of the 
clement, and the high temperature of the electric spark is 
roquiaito. A Huoceseion of induction sparks, made more 
vivid by moans of an intercalated Leyden jar, is caused to 
pass between iwlea consisting of the body under examination, 
jiartioles of whicli ai« torn off and rendered incandescent; the 
umittcil light is sent through the speotroBoope and examined 
in the aaiHO manner as that from a name. If the spark passes 
in air the sjiootrum contains tines due to oxygen, nitrogen, 
and hydrogen (tirom the decomposition of aqueous vapour), 
iu adiUtion to those anaing from the glowing metal; but since 
the j>ositions of the air linos are constant, and can be definitely 
established, it is i-oadily i>ossible to pick out those lines vriaca 
proi>orly belong to the element under examination. From 
their unmber, oonstanoy, and the ease vith which they may 
be obtained, these air lines ai« frequently employed ss refer- 
ence linos in spootrosoopio research, 

A very convenient mode of pi-oducing these spark-spectra 
Ldb boon desoiiliod by Bimsen; it consists in saturating little 
carbon cones maiie from hard, -well- 
burnt charcoal (previously sur- 
rounded with charcoal imwderand 
boatcil to whiteness, ami freed from 
silica lime, iron, etc., by boiling 
with acids), with a sdutlon of the 
body under oxamiuation. The 
cones are supiwi-tod on platinum 
wire inserted iu corks hiding on 
gliiHs khIs, so tliat the points can 
Ih> retulily at^iistcd bdore the slit 
of the aixwtiuscope. The induo- 
liou current paEs«« from the little 
uieruury ctip h, through the fine 
wire b to the nirbon point c, and 
Fijj, 2. Iionco na a ajMrfc to the opposito 

. ciu'b»u 1M.UUI (fi^. 2). A sumU iui«a iilat« ia i^uced inimeili- 
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ately before iJie slit to prevent- the projection of particles of 
the liquid through it. 

As a role, a compotind such as sodium chloride or thallium 
sulphate^ when heated in the non-luminous flame of the 
Bunsen lamp, emits light of the same character as that 
afforded by the metal itself, although exceptions to the rule 
are numerous. Thus the flame-spectrum of calcium chloride 
is veiy difierent from that yielded by the metal at the high 
temperature of the electric spark, and the light emitted by 
magnesium burning in air yields a spectrum due partly to 
the metal and partly to the oxide. 

In examining gases, the induction discharge is made to 
pass through the rarefied gas contained in tubes fitted with 
platinum electrodes. The light emitted from a gas is in 
many cases found to vary with the tension of the electrical 
discharge. Thus, in the case of nitrogen, a low electric ten- 
sion gives a spectrum consisting of bands and bright stri» ; 
with high tension, a spectrum of narrow bright lines is 
obtained — ^these are termed respectively spectra of the first 
and second order. Under increased pressure, and with a 
high tension discharge, certain gases emit light of all degrees 
of refirangibiHty, and hence aflbrd continuous spectra. 

Of all processes of qualitative analysis, spectral analysis 
is by &r the most delicate and sensitive, and exceedingly 
minute quantities of substances may be detected by its 
means. The method has revealed the presence of many 
comparatively rare bodies in substances in which otherwise 
no trace of them would have been recognised, and it has 
already added five new metals to the list of the elements, the 
names of which, with the exception of the last discovered, 
are derived from certain peculiarities of their spectra : — 



Name. 


Date of Discoyery. 


Discoyerer. 


Rubidiiuii, - 
Ca^^iom, 
ThaUimn, - 
Indium, 
Galliimi, 


1859 
1859 
1861 
1863 
1875 


Bunsen. 

»» 

Crookes. 

Reich and Richter. 
Lecoq de Boisbaudran. 



The instrument has proved of great service in many branches 
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of physical science, and, as applied to the analysis of the 
light emitted from heavenly bodies, it has afforded results 
of the highest importance. 

On examining sunlight by means of the spectroscope, it is 
noticed that the bright continuous spectrum is crossed by a 
number of fine black lines of very different intensities of 
blackness and degrees of refrangibility. These lines were 
first observed by WoUaston, and made the subject of special 
study by Fraunhofer, after whom they have been named. 
Fraunhofer, who mapped the lines, assigned distinguishing 
letters to the more prominent of them; he noticed that one 
of the lines, that marked D in his map, was absolutely coin- 
cident in position with the bright yellow line obtained from 
glowing sodium. It is readily possible to demonstrate this 
coincidence by allowing sunlight to enter through one portion 
of the slit and the light from incandescent sodium to pass 
through the other. TTbe mode in which this may be effected 
will be clear from ^g, 3. A right-angled prism is placed be- 
fore the lower portion of the slit 
through which the sodium light coming 
from B is sent by total reflection into 
the collimator, whilst direct sunlight 
passes through the upper portion of the 
slit. Two spectra placed one above the 
other are seen, and it will be remarked 
that the bright yellow sodium line 
forms an exact continuation of the 
dark D line in the solar spectrum. 
Fig. 3. Hence this dark D line and the yellow 

sodium line must have the same wave-length and rapidity 
of oscillation. 

If we pass the light from glowing hydrogen through the 
comparison prism, we observe three characteristic lines : one in 
the red, a second at the less refrangible edge of the blue, 
and a third at the other limit of the blue; these lines are 
exactly coincident with three dark lines in the solar spectrum, 
known respectively as C, F, and G. The light emitted from 
incandescent iron particles yields a highly-complicated spec- 
trum, containing upwards of four hundred lines, each of 
which coincides in position with a dark line in the solar 
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spectninL Some of the lines in the iron spectrum are 
brighter than others, and some are sharper and better defined. 
The brighter and more distinct the iron line, the blacker 
and more distinct is the Fraunhofer line; if the edge of the 
bright iron line is indistinct, the edge of the coincident dark 
line is correspondingly ill-defined. 

Now it is in the highest degree improbable that coinci- 
dences of this character can be accidental; it is almost certain 
that there is some connection between the bright lines of the 
sodium, hydrogen, and iron spectra, and the corresponding 
Fraunhofer Imes. This connection was first traced by 
Elirchhofi^ The dark Fraunhofer lines corresponding to the 
bright lines of sodium, hydrogen, and iron, are due to the 
presence of these elements in the solar atmosphere. Com- 
parisons of the line spectra of other elements with the Fraun- 
hofer lines have further indicated the existence of the follow- 
ing substances in the sun : aluminium, magnesium, calcium, 
strontium, barium, chromium, nickel, cobalt, zinc, cadmium, 
copper, manganese, and titanium. 

But we have to explain why the lines which in the ordi- 
nary spectrum appear bright upon a dark ground, are seen 
in the solar spectrum to be dark upon a bright ground. If 
we bring before a broad and sufficiently hot flame containing 
glowing sodium vapour, and therefore coloured strongly 
yellow, a second, but smaller and cooler flame, also contain- 
ing vapour of sodium, it will be noticed that the smaller 
flame appears almost black when seen against the bright 
background of the larger flame. If we place a sodium flamo 
before the slit of l^e spectroscope, we, of course, see the 
yellow line corresponding to the line D in the solar spec- 
trum; if now we place an ordinary candle flame behind the 
sodium flame we shall see the bright sodium line upon a 
comparatively flednt continuous spectrum. By substituting 
the electric light for the candle flame, the continuous spec- 
trum becomes intensely bright, whilst the sodimn line appeai-s 
by contrast to be nearly black, since only that portion of tho 
spectrum which is covered by the sodium Itue is made lumin- 
ous by the sodium flame. The glowing sodium gas has, in fact, 
arrested those rays which it itself emits; that is, it is nearly 
opaque for rays of its own kind; whilst it is perfectly trans- 
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parent to rays of other refrangibility. If instead of sodium 
we place thallium or lithium in the flames precisely the same 
result follows; the same kind of vibrations are stopped which 
are emitted, and the spectra are, as it is termed, inverted. 
Now, according to Kirchhoff, the sun is an extremely hot 
mass emitting white light. Surrounding the white-hot core, 
or photosphere, is an atmosphere of glowing vapour of sodium, 
hydrogen, iron, calcium, etc., through which the light of the 
photosphere has to pass. Precisely the same action goes on 
as in the flames; exactly those vibrations are arrested in the 
gaseous envelope or cli/romoapliere which it emits; hence 
the production of black lines instead of the bright lines we 
should see if we could examine the outer atmosphere alone, 
or if the luminous orb had a much lower temperature. A 
number of the Fraunhofer lines, those marked a and B for 
example, are, however, due to the absorptive action of the 
aqueous vapour in the earth's atmosphere ; this is indicated 
by the fact that these lines are most distinctly seen at low 
altitudes of the sun, and when therefore its light has to 
traverse the greatest extent of terrestrial atmosphere. The 
validity of Kirchhoff^s explanation of the Fraiinhofer lines 
has been placed beyond doubt by the fact discovered by 
Lockyer and Jannsen, that the bright instead of the dark 
lines may be obtained by viewing the edges of the sun's disc, 
that is the chi'omosphere, by means of a powerful dispersing 
spectroscope. Indeed, during a total solar eclipse, when the 
light from the photosphere has been entirely cut off by the 
dark disc of the moon, and the chromosphere has been alone 
visible, the whole of the dark Fraunhofer lines have been 
seen to change suddenly to bright lines. 

On comparing the bright line spectrum of certain elements 
with the dark Fraunhofer lines, it occasionally happens that 
certain of them show no correspondence with lines in the 
solar spectrum. This is due to the fact that both the number 
and length of the lines in the spectra of metallic vapours 
depend upon the density of the absorbing or radiating 
medium, only the longest lines remaining visible when the 
vapours are rarefied. Lockyer has shown that the inverted 
lines in the solar spectrum correspond to the longest lines 
observed in the spectrum of each element. The presence of 



ABSORPTION SPECTRA. 45 

nnc and aluminium in the sun is established by the fact that 
the lines corresponding to these elements are the longest 
lines in the spectra of their vapours. 

An examination of the light of the fixed stars has shown 
that the general character of their atmospheres is the same 
as that of the sun^ although remarkable differences have been 
observed between individual stars. The spectroscope has 
also rendered it highly probable that both the nebulsa and 
comets are simply masses of self-luminous gases, since they 
afford line spectra. 

6. Absorption Spectra. — ^If a ray of sunlight or of the 
electric light be passed through nitrogen peroxide, tlio 
emergent light yields a spectrum containing an immense 
number of dark lines. This phenomenon is due to the same 
cause as that by which the Fraunhofer lines are produced; the 
gas, although at the ordinary temperature, has, like the aqueous 
vapour in the atmosphere, arrested certain vibrations, and 
allowed others to pass. From the loss of these vibrations 
the emergent light is no longer white; but the gas appears of a 
reddish-yellow colour, since the less refraiigible rays are allowed 
to pass in greatest number. The violet colour of iodine 
vapour, and the reddish-yellow of bromine and of iodine 
chloride are due to a similar cause; these vapours have the 
power of arresting certain vibrations, whereby the colour of 
the emergent light is modified. Many coloured liquids, such 
as potassium bichromate and permanganate, an alkaline 
solution of the green colouring matter of plants (chlorophyll), 
blood, litmus, etc., yield characteristic absorption spectra. 
Absorption lines differ from the greater number seen in the 
solar spectrum, or from the bright lines of the spectra of 
glowing metals, inasmuch as they are not definite images of 
the slit. The breadth of the lines is increased by increasing 
the thickness of the absorbing medium, and certain colours 
are seen to disappear gradually, so that the colour of the 
object varies with the thickness of the layer through which 
the light is transmitted. 

Bemarkable absorption spectra are afforded by solutions 
of the salts of didymium and erbium; a liquid containing 
the former metal yields two dark lines in the yellow, and 
two in the green. If the solid oxide of didymium be rendered 
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incandescenti bright lines are obtained in exactly the same 
position as the daxk lines afforded by the solution. Solutions 
of erbium behave in like manner; they afiford absorption 
lines which are exactly the reverse of the bright lines given 
by the incandescent oxide. These two bodies are exceptional 
in this respect; no other solid substance is known which 
yields a line spectrum on heating. 

Electro-chemical Decomposition. 

We have already seen that a voltaic current in traversing 
certain compound liquids effects their decomposition; for 
example, water acidulated with sulphuric acid is resolved into 
oxygen and hydrogen, and hydrochloric acid into chlorine and 
hydrogen. Such a process of decomposition is termed electro- 
lysis. We noticed, moreover, that the same elements are always 
evolved at the same polo or electrode; thus the hydrogen was 
invariably evolved from the plate in connection with the zinc 
of the battery, that is, from the negative pole; the oxygen 
and chlorine, on the other hand, were always evolved from 
the plate in connection with the carbon or platinum, that is, 
from the positive pole. All liquid bodies cannot be thus 
decomposed, since all do not conduct; for example, many 
organic liquids as alcohol and ether, and certain inorganic 
bodies are unchanged by the action of the current. Many 
saline substances, as silver and lead chlorides, experience 
electrolytic decomposition when fused, but are absolutely 
unacted upon when solid. An aqueous solution of a salt 
may be electrolysed; hence it appears that a certain freedom 
of motion of the molecules is necessary before electrolytic 
decomposition can occur. 

The electric current appears to exert a directive action 
or polarising effect upon the atoms of bodies; thus in 
the decomposition of hydrochloric acid, the hydrogen 
atoms move with the positive current towards the negative 
pole, whilst the chlorine atoms travel in the opposite direc- 
tion. The most careful examination of the liquid between 
the two poles fails however to reveal the presence either of 
free chlorine or of free hydrogen; these gases are first ob- 
served in the immediate neighbourhood of the electrodes. 
Jt is assumed^ therefore^ that the hydrogen and chlorine atonm 
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in passing to the electrodes suffer a series of alternate decom- 
positions and combinations. Thus in fig. 4, let d he st, 
molecule of hydrochloric acid, situated midway between the 
two electrodes; under the influence of the current it is de- 
composed, the hydrogen atom travelling towards the negative 
electrode combines with the chlorine of the molecule c, the 





(H/S) @@ ^r@ (H)@ @g) @ 
T^ <; d e f 

Fig. 4. 
hydrogen of which combines with the chlorine of 5, its 
hydrogen combines with the chlorine of a, and a's hydrogen 
makes its appearance at the plate; a similar series of decom- 
positions and combinations leaves the chlorine of g at the 
positive electroda Indeed it is possible that this decom- 
position and recombination of the constituent atoms of hydro- 
chloric acid may be proceeding within the liquid, even under 
ordinary conditions, and that the current merely exerts a 
directive action upon the bodies. 

1£ we dip the electrodes into pure water, very little action 
takes place; on adding a few drops of sulphuric acid a rapid 
disengagement of gas occurs, oxygen appears at the positive 
pole, and hydrogen at the negative pole. The sulphuric acid 
is probably split up into Hg and SO4, a hypothetical group 
of atoms which has received the name of aulphion. The 
molecule of hydrogen, by a series of transformations similar 
to that described in the case of hydrochloric acid, reaches 
the negative pole, and the sulphion group the positive pole. 
In the moment of liberation, however, at the pole the 
sulphion decomposes water with the liberation of oxygen : 

HaO+S04=S04Ha + 0. 

Hence the result is the same as if the water were alone 
electrolysed; one volume of oxygen from the water is dis- 
engaged from the positive pole, and two volumes of hydrogen 
from the acid at the negative pole. 
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Many substances in solution are similarly decomposed: 
thus common salt yields its chlorine at the positive pole, and 
its sodium at the negative pole. In contact with water, 
however, metallic sodium is conveii;ed into caustic soda with 
the evolution of free hydrogen: 

HaO+Na=NaHO+H. 

The sodium hydrate remains dissolved and hydrogen is 
liberated. 

Sodium hydrate, however, is readily capable of decomposition 
by voltaic electricity. If a piece of the hydrate made moist 
by deliquescence be placed in the circuit of a powerful current 
by laying it on a plate of platinum connected with the positive 
pole of the battery, and a platinum wire connected with 
the negative pole be inserted into the softened mass of the 
alkali, oxygen gas is rapidly evolved at the plate, and small 
metallic globules of sodium of a silvery white lustre make 
their appearance round the wire. This experiment was first 
made by Davy in 1807; he showed that caustic potash and 
certain of the earth-hydrates were similarly decomposed. 
The electrolytic decomposition of potassium hydrate may be 
readily demonstrated by placing a small quantity of mercury 

at the bottom of a flat dish 
Br (fig* 5), and dipping into it a 
stout platinum wire, covered 
with sealing-wax as far as the 
horizontally bent portion, and 
connected with the negative 
end of the battery. On pour- 
Fig. 5. ing over the mercury a quan- 
tity of strong potash solution, and placing in it a small piece 
of sheet platinum connected with the positive pole, decom- 
position rapidly ensues, and in time iiie mercury becomes 
solid from the formation of potassium amalgam. 

Magnesium may be readily obtained in small quantity by 
the electrolytic decomposition of its melted chloride, by 
means of the simple apparatus seen in ^g. 6. An iron wire 
is pushed down the stem of a clay tobacco-pipe into the bowl, 
which is then filled with a mixture, in equal proportions, of 
magnesium and potassium chlorides. Such a mixture fuses 
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at a lower temperature thaa either chloride singly, and when 
fused is specifically lighter than metallic magnesium; the 
separated metal is thus retained beneath the surface of the 
fused mixture and is pre- 
served from oxidation. 
When the mixture is 
fused, a piece of gas car- 
bon connected with the 
positive pole of a few 
platinum-zinc or carbon- 
zinc elements is intro- 
duced into it, the iron 
wire being connected 
with the negative end 
of the battery. Chlorine 
is rapidly evolved from 
the carbon, and on break- ^ifr ^' 

ing the pipe after half-an-hour's continuance of the current, 
a globule of magnesium may be found in the solidified saline 
mass* 

A solution of copper sulphate is readily electrolysed, copper 
being deposited at the negative pole and oxygen evolved at 
the positive pole; the sulphion (SO.) decomposing water at 
the moment of liberation, as in the electrolysis of sulphuric 
acid. The decomposition of copper sulphate is made use of 
in copying medals, and in the production of electrotypes 
from the wood-engraver's blocks. An impression from the 
medal or from the wood-block is made in wax or some similar 
material, which is then brushed over with finely-powdered 
graphite, and suspended in a solution of copper sulphate. 
The wire from the positive end of the battery is attached to 
a copper plate dipping into the copper sulphate solution ; to 
the otiier wire is attached the wax mould. Copper is gradually 
and tmiformly deposited upon the mould, and the liberated 
80^ dissolves the copper from the plate, so that the strength 
of tne solution remains unimpaired; the SO4 under the influ- 
ence of the current transfers the copper of the plate to the 
mould. Provided that the mould has been carefully made, 
and that its surface is evenly coated with black-lead, the 
engraver^s work may be produced with great fidelity, and 

10—11. D 
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from the toiigliness of the metal any number of impressions 
may be taken from the electrotype. In a similar manner, 
gold, silver, platinum, and other metals, may be deposited from 
their solutions. The article to be electroplated is suspended 
in a bath of the appropriate solution, together with a plate 
of the same metal which is to be deposited. 

It is necessary to distinguish between electrolysis proper 
and its secondary effects. Thus, in the foregoing illustrations, 
the oxygen produced in the electrolysis of sulphuric acid is 
the result of the secondary action of the group SO^ upon 
water; in like manner the hydrogen evolved in the elec- 
trolysis of sodium chloride is formed by the action of the 
liberated sodium upon water. The electrolysis of a concen- 
trated solution of sal-ammoniac affords an additional example 
of secondary action. Hydrogen is evolved from the negative 
pole, but neither oxygen nor chlorine is liberated from the 
positive pole; after some time, however, this electrode is seen 
to be covered with oily drops of so-called nitrogen terchloride, 
produced by the action of the free chlorine upon the am- 
monium chloride. 

Electrolytic oxygen, especially in the moment of liberation, 
is capable of bringing about many phenomena of oxidation; 
thus a solution of potassium valerianate under its influence 
yields the hydrocarbons octane and butene, together with 
carbon dioxide and hydrogen. If a solution of lead or 
manganese acetate be electrolysed, the dioxides of lead or 
manganese are deposited upon the positive electrode; these 
oxides are formed by the action of the evolved oxygen upon 
the protoxides in solution. 

By passing the same current through a number of different 
electrolytes, i.e., substances capable of electrolytic decom- 
position, it will be noticed that each is simultaneously decom- 
posed ; and if the quantities of the separated elements be deter- 
mined, it will be seen that they have been set free in the ratio 
of their chemical equivalents. Thus, supposing the electix)- 
lytes were acidulated water, silver chloride, lead chloride, 
and stannous chloride, for esu;h part by weight of hydrogen 
evolved from the water at the negative electrode we should 
have 108 parts of silver, 103*5 parts of lead, and 59 parts of 
tin, at the other negative electrodes; and for every 8 parts 
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of oxygen at the positive electrode in the water, we should 
have 35 '5 parts of chlorine at each of the other positive 
electrodes. The amount of chemical decomposition which 
the current is able to produce is strictly proportionate to the 
amount of circulating electricity; hence, from the extent of 
decomposition occurring in an electrolyte, we may obtain a 
measure of the electrical force needed to produce a given 
effect. On this principle Faraday constructed the voltameter, 
an instrument in which the amount of gas evolved from 
acidulated water in a given time by the current is measured. 
If, now, we turn to the battery in which the electrical dis- 
turbance originates, it will be found that the amount of 
chemical decomposition produced in the electrolyte is strictly 
proportionate to the chemical decomposition in the battery, 
as measured by the quantity of zinc dissolved; thus for every 
milligram of hydrogen evolved in the voltameter, 32*6 milli- 
grams of zinc are dissolved. As a matter of fact, however, 
this restilt is seldom obtained in practice, since it is almost 
impossible to prevent what is termed local action in the 
battery, which leads to an increased consumption of zinc. 
If a piece of ordinary commercial zinc be placed in dilute 
sulphuric acid, it is rapidly dissolved, and hydrogen is 
evolved. On the other hand, perfectly pure zinc is very 
slowly acted upon by the acid ; the rapid action in the case 
of the ordinary metal is due to the production of numbers 
of Toltaic currents from the presence of impurities in the 
metal. This local action may be almost entirely prevented 
by coating the zinc plates with mercury. 

It was formerly believed that all chemical phenomena were 
the result of electrical action, and that the combination and 
decomposition of bodies resulted from differences in their 
electrical condition. Accordingly, the elements have been 
arranged in a series depending upon the tendency they mani- 
fest during electrolysis to make their appearance at one or 
other of the electrodes ; those which appear at the positive 
electrode are termed electro-negative elements; those which 
appear at the negative electrode are electro-positive elements. 
The following Table gives the electro-chemical order of the 
elements; each element is electro-negative to those follow- 
ing it: — 
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Oxvgiai. 



TbogptcTcs, Gold. GobalL 

CliroiniiiiB. \[eraiy. Iran. 



GalcnmL. 
Strontinnu 



ChlKxme. 
Branune. 
Iodine. 



Tin. 



Nitrogen. Boron. Sihner. Zinc litiunm. 

"" ^ " '" VangynwB. Sodium. 

AiMBiiniiiiii- X otessmm* 

Ccenmn. 

Balndiniii. 

The relatLve positioiL of a number of tlie elements in tliis 
Table is still a matter <^ doabt, since in the case <^ some of 
them it has been onlr indirecdT determined. If we arrange 
the bodies as in the Table on page 35, it will be seen tiiat 
each element is electro-negatiTv to those following it^ and 
electro-positiTe to those which precede it; the electro-chemical 
position of a member in the fiimilv group appears therefore to 
be a function of its atomic weight. 



CHAPTER in. 

CRYSTALLOGRAPHY. 

The great majority of bodies exMbit a tendency to crystallise, 
that 18, to assume regular polyhedral forms, when their mole- 
cules are free to take up positions of equilibrium. Some 
substances, as gelatin, albumin, and the like, are apparently 
devoid of S3anmetrical arrangement, whilst a third group, of 
which starch may be taken as the type, show a distinct 
organised structure, perfectly different in character from that 
of a crystal 

A crystal is a body of symmetrical form, bounded by plane 
surfaces, produced by separation from solution, by the solidi- 
fication of a fused mass, or by sublimation, sometimes without 
intermediate liquefaction. We have already observed many 
examples of the modes in which crystals are generated. Thus 
an aqueous solution of sodium cldoride deposits that salt in 
cuhes; melted sulphur solidifies in long prisms, and arsenic 
trioxide sublimes in octahedrons. 

As a general rule, each substance has a characteristic 
crystalline form, although instances are by no means rare in 
which two perfectly distinct bodies have a common crystalline 
shape; such substances are said to be isomorphous, Not 
tmfrequently the same body possesses two distinct crystalline 
forms; it k then termed dimorphous. Occasionally two sub- 
stances crystallise in the same two forms ; they are then said 
to be isodimorpluyus. 

When we examine a number of crystals of the same sub- 
stance, say of rock-crystal, a very superficial observation 
shows us that although there may be no absolute identity 
of form among them, in a geometrical sense, there is yet 
sufficient analogy of shape to make it certain that they 
have essentioMy the same figure. The immediate cause of the 



fi4 



INOBGAHIO CHEUISTBT. 



divergence in form b in the unequal development of corre- 
apondingplanea; thiflwill be apparent from figa. 7,8, 9, and 10, 
whioli represent cryatala of quartz. It is evident that the 
different appearances of the crjBtela are due to differences in 
the areas of corresponding planes or /ace*. 




Fig. 7. Fig. 8. Kg. 9. 
If now we attempt to conBtruct a, form from BucU crystals 
in whicli all the corresponding faces shall be equally developed, 
we obtain a crystal similar to that represented by fig. 11, 
that is, a nx-aidtd pritm ter- 
minated by tix-ieided pyra- 
^^ mids. But on examining 

HI Rn^S^BI natural crystals, similar to 
I II^H^II tihose above represented, it ia 
I ll^l^ll noticed that however differ- 
I ll^^l^ll ^^^ their form may seem, the 
_| Ka^BflSi angle made by the approxima- 
tion of two oorrosponding 
faces (that is, the irUerfadal 
ilg. 10. Fig, Jl. angle) is always the same, na 
matter what way be the relative size of the faces. Thus, the 
angle of b upon c is invariably 133° 14', and that of « upon 
/invariably 120°. Ciystals of quartz (rock-crystol) analogous 
to that represented by fig. 11 are occasionally met with, 
but this, the ideal foi-m, is more frequently departed from. 
Indeed, this is equally true of most crystaUised Bubstaifcea. 
Fig. 12 represents a form frequently assvimed by lead nitrate 
and by alum ; the ideal form of the crystal is a regular octa- 
hedron; the mode in which the abnonnal crystal is derived 
from the fundamental form will be seen by refereaoe to fig. 
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13. AlUioagli the facea of the octahedron are so unequally 
developed, the Interfacial angles are exactly the Bame as in 
tlie id^ crystal. 





Zig. 12. Fig. 13. 

On flzamiiuiig a perfect crystal of quatiz or of alum, it 
Incomes evident that each crystal may be conceived as syin- 
medically arranged around ceiiain imaginary lines, or axes, 
to which the several faces may be referred. Thus, in the 
r^rular octahedron (fig. 14), we may conceive three such axes 
joining the opposite angles. In the quai-tz crystal we have 
/imr axes — one ru nnin g through the entire length of the 
oiystal and joining the summits of the pyramids, and three at 
right angles to the vertical axes, and ending ctthci- in the 
middle or at the edges of the prismatic faces. 

Every crystal yet discovered can be referred to one of six 
difiTerent systemB, distinguished by dificrenccs in the relative 
poeition and comparative length of the axes. These systems 
aie aa follows : — 

I. The Regtdar system, in which the crystals are grouped 
around three axes of equal length, placed at right angles to 
each other. From the equality in the length of the axes, 
this system is also termed the iaometric or monometric system. 

li The Qvadratie system, in which ai-e three axes placed 
at right angles to each other. Two only of the axes are equal 
in length, ttie third may be longer or shorter than the other 
two. Since two of the axes are of the same length, this 
system is also known as the dimetric; and from the fact that 
a section cut in the plane of the two equal axes would form 
a squu^ it has also been termed the tetragonal system. 

in. The Hexagonal system has /our axes, three of which 
are equal, lie in tho eame plane, and cut each other at an 
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ai^Ie of 60°; the fourth &zis maj' be longer or shorter than 
the other three; it cuts them at their common point of inter- 
section at a right angle. This system is sometimes termed 
the rhonAohedral system, since the rhombohedron ia one of 
its most important derivatives. 

IT. The Xhomhie system has three axes of unequal length 
placed at right angles to each other. It ia also called the 
trimetric system, from the inequality in the length of the 
three axes. 

Y. The Monoclinic system has three axes of unequal Uugtb, 
one of the axes stands at right angles to the plane of the otiier 
two, which are inclined to one another at different angles in 
difierent orystala. 

VI. The TTiclinic system has ihree axes, no one of irhich 
makes a right angle with either of the other two. 

I. The Bboulab Ststeu. 

The regular octahedron (fig. 14) may be regarded as the 
fundamental form of this system; the axes connect together 
the opposite solid angles. This body has eight equilateral 
triangular faces ; it has six angles, each of which is formed 
by four edges, and is in all respects similar to the others ; in 
all, it has twelve perfectly equal edges. The points in which 
these meet are equidistant from the centre of the crystal 
where the three axes cut one another; the semi-axes or para- 
meters are therefore equal, and, accordingly, each octahedral 
face cuts the three axes at an equal distance fuom the centre. 
Tte seveiul faces of a crystal may be distinguished by 
reference to the distance from its centre 
which each face cuts the different axes; 
we have seen, each face of the regular 
octahedran cuts each axis at an equal dis- 
tance fi-om the centi-e ; hence if we repre- 
it this distance by a, we may distinguish 
the face by the formula a : a ; a, or, more 
I shortly, by the symbol O. 
Fig, 14. Tie regular octahedran is one of the 

commonest crystallographic forms ; the following bodies 
among others assume it: Sodium, magnesium, cadmium, iron, 
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lead, copper, mercury, silver, gold ; many alloys and am&lgama 
of these metals; certain of their oxides; aisenic trioxide; and 
the oxides of the spinel group. Among the salts may be 
mentioned the alums, the nitrates of lead, barium, and stron- 
tium; the cMorates and bromates of nickel, cobalt, and copper, 
zinc, and magnemum; the chlorides of silver, ammonium, 
lithiam, and, occasionally, sodium ; certain double chlorides 
and cyanides, and the pentahydrated borax. 

It is a general lav that like parts of a crystal aro similarly, 
unlike parts dissimilarly 
modified; hence, since all 
the angles on the octxlic- 
dron are precisely si milar, 
it follows, that when any 
one is altered in any way, 
all ti:e othei-a are altered 
in the same manner. 
Thus each angle may be 
replaced or IruTiealed by 
a face, as seen in fig. 15; 
by the gradual develop- 
ment of this face (marked 
a in tlie figures), we ob- 

tain the forma seen in 

Fig. 17. Kg. la figs. 16 and 17, and if wo 

e the faces to grow until all trace of the octahedral 
planes are lost, we obtain the'cufie, fig, 18. Fig. 15 represents 
a combination of the octahedi-on and cabe; fig. 17 a combina- 
tion of the cube and octahedron; the dominant face being 
first stated in describing the crystal. In fig. 1 6 the axes of 
the crystal end in the middle of the cubical faces; they are 
exactly half the length of those of the primitive octahedron, 
and the faces of the two forma meet in points only. Since 
this ciystal stands midway in the passage of the one form into 
the other, it is termed the viiddl^ryglal. 

If we regard the cube as derived from the octahedron, and 
a&sume that the absolute position of the axes is unaltered, it 
is evident that each face will cut only one of the axes and 
will run parallel to the other two; tKat is, it will cut them 
only at an infinite distance : we mav therefore distinguish 
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thiB face by the fonauU a;<xa; ooo, or, shortly, by the 
symbol odOoo . 

Many aiibatancea which cryBtollise ia octahedrouB are found 
to crystallise also in cubes, or in combinations of the cube 
and octahedron. Such substances are not said to be dimor- 
phous, unless they also crystallise in forms belonging to some 
other system. 

The following bodies show a special tendency to assume 
the cubical form : Fluor-spar, galena, speiss-oobaJt, araenical 
cobalt, manganese, silver, and iron sulphides, niokel and cobalt 
glance, and the alkaline chlorides, bromides, amd iodides. 

Suppose, now, we truncate the edges of the octahedron : 
tdnce these are similar in all respects, it follows that any 
modification we make on one edge will extend to the other 
elevea Fig. 19 represents an octahedron with truncated 




Fig. 19. Kg. 20. Kg. 21. 

edges, marked d. By the development of the truncating 
planes, we obtain the form seen in fig. 20, and if these planea 
be supposed to extend until the octahedral faces disappear, 
we have the form represented by fig, 21, known as the 
rhombic dodecahedron. This body is bounded by twelve 
similar rhombic faces; it has twenty-four similar edges, eight 
of its fourteen solid angles are three-sided, the remaining six 
being four-sided. Each face cuts two axes at equal distances 
from the centre, and is parallel to the third; accordingly, it 
may be designated by the formula a : a : ceo, or by 'Uie 
symbol aO, 

Fig. 19 shows a combination of the octahedron and the 
dode^edron; fig. 20 a combination of the dodecahedron 
and octahedron. 

The rhombic dodecahedron, both alone aad in combination 
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vriHi the cabe and octaliedron is observed on pboaphoius, 
copper, eilTer, and gold ; on native silver-amalgam, cuprous 
oude, zinc-blende, galena, Bilver-gkuce, faht-ore, fluor-epar, 
and garnet. It is not vei; common on artificial cryHtalu, 
but baa been noticed in combination on potassium iodate, on 
alum, on aodium-nranium acetate, and on potassium and 
sodium chloridea 





Fig. 22. Fig. 23. Fig. 24, 

The remaining forms of this system are still less fi-e^uently 
obwrved on artificial 
artels; some of them, 
lraw«v«r/3i>nstitatethe 
duiHteristic forms of 
eertaanimportant min- 
erals 

Let US suppose that 
Ml each cahuni lace of 
the combinatitm O. V^- !»■ Fig- 26. 

odOcs seen in fig. 16 (p. 57), a four-mded pyramid bo placed, 
the hei^t of vhicb is half tiie diagonal of its base; we thus 
obtain the form represented in fig. 25. 

If we now assume that each set of the four pyramidal fr.ces 
is equally developed until the faces of the octahedron disap- 
pear, we get the form represented in fig. 26, and termed the 
deltohedron oi Ocon-Ulrahedron. In tLia particular form each 
face cuts one axis at the distance a, and the other two at twice 
that distance; accordingly it may be represented by tbo 
symbol a: 2a: 2a, or by 202. 

If we auppoee that a more obtuse pyramid be placed on the 
cnbe face of tbe combination seen in fig. 16, and that tba 
nme procesa of develq)ment takes place as in tbe previous 
ease, we obtain a second form of tbe deltohedron. ^vs, if tho 
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heiglit of the pyramid were only J of the half-diagonal of the 
base, we should get faces cutting the axes in the relation of 
a : 3a : 3a : this form would have the symbol 303. Delto- 
hedrons have been observed on anal ci me, garnet, iron-pyrites, 
and galena; and on native gold and silver; they have also 
been noted in combination on ammonium chloride, and on 
chrome and common alum.* Fig. 25 representa an alum 
crystal of the combination 0.203. 
Suppose that on each face of the tdrnple cube (fig. 18) a 
fotir«u]ed pyramid be 
placed, we thus obtain 
the form seen in fig. 27; 
it is known as the 
four -faced cube or 
tetrakU • kexahedron. 
Each face runs paral- 
lel to one axis, cuts 
the second at the dia- 
3a, or 5a, depending 
It jnay ijiarefore be 
ma : coa, or mOco ; the 
forms actually observed having the syrnbols -lOoo , SOoo , 
|0oo , SOco , and 50qo . These forms have been noticed on 
native gold and silver, and, generally subordinate to the cube, 
on fluor-spar (see fig. 28). They have also been observed in 
combination on sodium sulphantimoniate, and on rock-salt, 
e that on each face of the regular octahedron a 
three - sided pyramid 
be placed, we obtain 
the form seen in fig. 
29; it is termed the 
Ihreefaced octahedron 
or triakU octahedron. 
Bach face cuts two 
axes at an equal dis- 
tance from the centre, 



Fig. 27. Kg. 28. 

tance a, and the third at |a, 2a, |a 
upon the steepness of the pyramid. 
represented by the general formula a 




" Lenoite v . . 
bean shown, however, byV 
(see p. 64). 



e greater distance; its general formula is 

'i-W Ropposed to have the form 202 j it has 
in Bath to belong to the quadratic syatem 
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therefore a:a:ma, or mO : the particular cases (mainly 
noticed oa the diamond, galena, and pyrites) are fO, 20, 
and 30. 

Lastly, if on each &ce of the octahedron a six-sided pyra- 
mid be plaoed, we obtain the six-faced ocialiedron or hexakis 
octahedron, seen in fig. 30. Each face of thia foim meets 
the three axes at nneqoal but finite distances from the centre. 
The general formula is therefore aimaxna, or mOn. The 
most commonly occurring forms are 30f and S04 ; the for- 
mer has been noted on garnet, and the latter oa fluor-spar. 
The diamond and cuprite also occur in these forms. 

II, Quadratic System. 

The quadratic octahedron, the fundamental form of this 
system, ia distinguished from the regular octahedron by 
living two only of its three axes eq^ual, the third being 
sometimes greater, sometimes less, than the other two. The 
Tariable or principal axis is assumed to bo vertical in repre- 
sentations of quadratic crystals ; denoting it by c the general 
formula of a quadratic octahedron ia a:a:e, or mP. The 
relation of the principal to the lateral axes, although very 
different in diffei-ent substances, is constant for the same 
body. Fig, 31 represents the fundamental octahedron of 
potassium ferrocyanide in ■which the relation of the axes ia 
as 1-77 to 1, Fig. 33 shows the primary octahedron of 
mercuric cyanide (HgOyj), in which c = 0*46. 

The eight faces of the quadratic octahedron form isoBceles 
triangles. We have to distinguish two kinds of edges : those 
wMch lie in the plane of the 
lateral axes, marked sa in the 
figures, and termed lateral 
edges, which together form p 
square; and those which meet 
the vertical axes, marked tl, 
and termed the polar edges, 
which together form a rhomb. 
We have also to distinguish 
two kinds of angles : the sutn- Fig. 31. Kg. 32. 

tntt on^^, made by the meetingofsimi]arsides,and the toeroJ 
angles, mtide by the meeting of dissimilar sides. As a result 



63 



ISObOiSIC CBXHlgtAV. 




of tlie law of aymmetry, we find that the summit angles may 
be truncated without tlie others. Since the endrjatt thns 
produced cuts the principal axis, and rons parallel to the 
two eecondar; ases, it maj be designated by e ; oca : ooa, 
or hj oF, aa in fig. 33, which represents a form of potassinm 
ferrocjanide. 

The lateral angles 
I may also be alone 
I tmncated, as in fig. 
I 34, which represents 
I a crystal of potassio- 
I cnpric chloride (2KC1. 
Kg. 34. CuCI^). This face cuts 

J, and mns parallel to the other and to 
vertical axis; hence it has the formnla a : osa : occ, of 
shortly, ooPeo , by which it is 
designated in the lignre. If we 
suppose the four truncating &oes 
ooPco to grow nntil they meet, 
3 should obtain the qitadratie 
I prxgm (fig. 36), exactly as we 
1 obtained the cube from the 
I rpgwlar octahedron in the pre- 
I ceding system. Fig. 36 repre- 
' sente a combination of the quad- 
ratic prism with the end-&ce. 
„ s of the quadratic octahedron be 
replaced by faces; this replacement can, of course, occur 
without the polar edges being altered; we thus obtain the 
1 fig. 37. Each of the truncating faces 
I cuts the secondary axes at 
a equal distance from the 

J centre, and runs parallel to 

I I HBB B ^^^ principal axis; hence 
I IHHII ''^ ''^ ^^^ formula a: a: ve, 

I IH^HI °^ "^^^ "^^^ ^S*^ °^ placed 

^^"^^^^ ^B^^BB before P denotes that it 

Kg. 37. Fig. s& refers to the principal axis; 

when placed after, it refers to the secondary axes. Fig. 38 

represents a combination of the prism ooP with the end-faoe 




Fig. 35. Kg. 38. 

Let the four luterai e 
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oP. We liaTe thus two quadratic prisma : one obtained by 
the development of faces replacing the lateral angles of tho 
octabedroD ; tbe other by the development of faces replacing 
the lateral edges. We may have a combinatiou of tiio two 
prisms, as in fig. 39, which re- 
sembles the form of cjuartz with- 
out the pyramids. Fig. 40 shows 
a combination of the quadratic I 
prisms first and second order, [ 
the octahedron and the end- I 
face: both this form and that I 
represented in the preceding I 

figure are observed on copper- Fig, 39. Fig. 40. 

calcium acetate (Cti.Ca.4C,Hj02.8HjO.) 





Fie- 41- Fig- 42. Fig. 43. 

By truncating the polar edges of the quadratic octahedron, 
-we obtain the combination seen in fig. 41. The replacing 
face mns parallel to one secondary axis, but cuts the other 
at the distance a, and the principal axis at the distance c; 
hence it has the symbol o : coa : c, or Poo as in the figure. 
K these faces be imiformly developed until those of P dis- 
appear, we obtain a second quadratic octahedron: an octa- 
hedron which stands in the same relation to the original 
octahedron as the prism coP does to the prism ooPoo'. 
mP is teiTned an octahedron of the Jirel order; Poo an octa- 
hedron of the gecond order. Combinations of the two octa- 
hedra occasionally occur; the dominant octahedral faces are 
n^rded aa of the first order. 

It frequently happens that the terminal summits of 
the quadtutic octahedron are truncated by an obtnser 
pyramid, as in fig. 42, The height of the apex of the 
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obtuser pyramid always stands in some dmple relatioa 
to that of P, -when both are raeasored from the same 
base. The relation of the particular obtuse pyramid in fig. 
42 to P may be rendered clear from fig. 43. If the polar 
edges of P be con^dered to be prolonged until they meet, as 
seen in fig. 43, and the vertical axis be prolonged to the point 
of juncture of the four edges, it 'will be seen that the height 
of the obtuser pyramid is exactly half that of P when both 
are measured from the base of the obtuser pyramid ; hence 
the designation of the latter of ^P. "We may have even 
more obtuse pyramids, aa JP ^P. , , IP, The shorter the 
vertical axis of J:P the more obtuse the pyramid; when 
i = o we have a horizontal plane, or the end or basal /ace; 
hence the designation oP already given to this face. Fig. 44 
represents a combination of P, ^P, 

I and oP, occurring on nickel sulphate 
I (NlSO^.eHjO). We may, however, 
I have more aeuU pyramids than P, 
i 2P, 3P, 4P, etc., and just as on 
le one hand we pitss over to the 
I end-face oP by increasing the obtuse- 
I ness of the pyramid, bo, on the other, 

I by increasing its acuteness, we pass 

Fig. 4t over to the qnadratic prism; hence 

its designation of osP. We have also obtuser and acuter 
pyramids than Pco , that is, of the second order, viz., 
^Poo, jPco. . . 2Poo, 3Poo. Fig. 45 represents a com- 





Fig. 45. Fig, 46. Fig. 47. 

bination of P and 2 Pos occurring on anatase (TiOj). Fig. 
46 represents a complicated form of nickel sulphate. Fig. 
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47 is a combination <^ P with an acuter octagonal P3Ta- 
mid or dioctohedron marked i, the acute octahedron 2Fa9 
marked «, and ooP marked m are occasionally seen, but are 
generally very subordinate. These forms belong to leucite 
(KjO.Al„Og.48iO„), a mineral which was formerly supposed 
to crystallifle in the regular system, 

tbo following bodies, in addition to those already meo,- 
tiimed, crystallise in forms derived from the quadratic system: 
tin, boron; tinstone (8nOg); rutile {TiO^); zircon (ZrOjSiOj), 
hausmannite (MiigO^), and braunite (Mn^Og); copper pyrites, 
calomel; mercuric iodide (red modification), potassium phos- 
phate (KHaPO,), vesuvian, and mellite (Cfl(COj)aAIj.l8HjO). 

III. Hbzaoonal System. 
The fundamental form of thia system is the double six-sided 
l^Tamid, fig. IS, the base 
d each pynmidis a hexa- 
gon (fig. 49), the lines c d, 
e/, and g hare the three 
equal and lateral axes; they 
inteneot eac^ other at the 
centre m, at an angle of 
60°. The principal axis 
stands at right angles to 
Hie plane of the other three, 





Fig. 60. 
thtti the lateral axes. 
10— U. 



Fig. 51. 
h pyramidal face mns parallel to 
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onesecondaiyasiB; hence, if we call the length of a secondary 
axis a, and Uiat of the principal axis c, the &oe vonld have 
the formula a: a: coa : c, or P, Here, as in the qnadistia 
octahedron, we have to dUtinguish two kinds of angles and 
sides, Tiz„ the polar angles and sides, and the latet^ angles 
and sides; and, as in that case, one set of angles or sides may 
be modiHed without the other. Sy replacing the six later^ 
edges by planes we obtain the combination seen in fig. 60 ; 
by the development of these planes we obtain the form seen 
in fig. 11, representing quartz. The truncated face runs 
parallel to the principal axis, and to one secondary axis; 
hence its formida is a : a ; ana : aic, or ooF; it is termed the 
?texagtynal prism. Fig. 51 represents a combination of the 




Fig. 52. K{t 63. 

hexagonal prism ooP, with the basal or end &ce o P. Fi^ 
52 shows a ciystal of beryl; it is a combination of oeP, P, 

In this, as in the preceding system, we have obtuser and 
Dcnter pyramids than P, whi^ may be represented t^ similar 
symbols, as ^P, ^P ... 2P, 3P, &c; we have also pyramids 
and prisms of both first and second orders, designated as in 
the quadratic system, A number of these forms are seen in 
fig. 53, which repreeente a crystal of apatite, a -prism of 
firat order coP; b - prism of second order ccP2; t, x, and z, 
three pyramids of first order, u a pyramid of second order, 
and oP the basal plane. 

The following bodies, in addition to those mentioned, orya- 
tallise in hexagonal pyramids or prisms, or in combinatioiiB 
of these forms : zinc, zinc oxide, sUica as tridymite, magnetio 
^rrites (ferroso-f^^ sulphide}, nitrates (k cteama and 
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rabldinin, lithium anlphate, pyromorphite, vanadinite, aai 




17. Ths Bhoubic Sybteu. 

The rhomite oetaAedron, figs. 64, S6, may be considered to 
be iJie primary form in tluB eyatem; its three axes are situ- 
ated at right angles to 
eaoh other, bat all are of 
unequal length; hence tvo 
rhombio octahedrons may 
have a Teiy different ha- 
bitus, depending upon the ■ 
rdatiTa lengtih of the dif- f 
fierent axes. Since all the I 
axes are of unequal length, I 
any one may be eeleoted as I 
theprindialaxiaand placed Fig: K Fig. 6S. 

vertiaidly. As a rule, the principal axis is determined by 
the haUioa of the crystal; that is, by the direction in which 
it is imally most developed; for example, in the prifunatio 
{cxai%, ^mX HOB vhiidi runs parallel to the longer edges cX 
the prian is aanimed to be the principal axis. 

A Beotitn out in the plane of any of the axes of the rhom- 
bic ootabedron forms a rhomb; in the quadratic octahedron 
we can have either a rhomb or a square; in the regular octa- 
hedron we have only squares. In figuring a rhombic crystal, 
the axis selected as principal is vertical ; the longer of tho 
two seoondary axes, termed the macro-diagonal, runs from 
<me hand to tiie other, and the shorter secondary axis, termed 
the irocAy-d^onaZ, is at right angles to the other: the pi-in- 
dpal axil and the macro-diagonal appear of their true relative 
kmgdi; the brachj-diagonol is foreshortened. Representing 
the length of the brachy-diagonal by a, that of ihe macro- 
diagoDal I7 h, and that of the Terti(»il axis by e, the formula 
of U10 liiSiaUo octahedron is a : £ ; e, or F. 

Sinoe eaoh pair of o|^K»ite angles of the rhombic octahedron 
difitea frtnn the others, any two opposite angles may be 
fT0difi4*1 withont the others being altered. Thus we may 
have the upper and lower terminal angles alone truncated ; 
anoe the troncadng face stands at right angles to the pria- 
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cipal axis, and ia parallel to the secondaiy axes, it may be 
distinguiahed by the symbol o: <xb: ooa, or, as in the pre- 
ceding sf atem, and for the same reason, oP. Any symbol 
before P refers to the principal axis; aay symbol ^^f P 
to a secondary axis ; if to the longer axis it is farther dis- 
tinguished by tiie sign — , if to the shorter by the sign •—', 
The tniDcating faces on the angles in which the braohy- 
diagonal ends are termed the hrachy-diagonal endrfaeei, and, 
since they run parallel to the principal axis and to the macro- 
diagonal, tliey are distinguished by &e symbol osPoo ; con- 
Tersely, the planes truncating the other lateral angles are 
termed the macro-diagonal end-facei, and have the symbol 
osPco . Fig. 56 represents a oombinatioQ of osFoo and F; 
fig. 57 of a>!&oo and P. 

I The twelve edges of the riiomtuQ 
I octahedron are divided into tiiree 
groups; each group of four edges 
lying in the same plane, and to- 
gether forming a rhomb, are of 
the same limd: we hove the 
' macro>diagonal polar edges, i.t., 
those connecting the maoro-diar 
I gonal and the principal axis; the 
Fig. 56. Fig. 67. brachy-diflgonal polar edges which 

connect the brachy-diagonal and the principal axis; and 
lastly, the four horizontal edges lying in the plane of the 







Hg. 68. Fig. 69. Pig. 60. 

secondary axis. By truncating the horizontal edges, we 
obtain a four-aided prisma (fig, 58) with rhombic base (fig; 
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59). Since the truncating faces run parallel to the prin- 
cipal &xis, and cut the secondary axes at the distances a 
and b, its formula is a i b : ccc, or ocF. Fig. 60 reprc- 
BBnts a combination of ccP, F, and the macro-diagonal end 
faee co^ ca, frequently obaerved on the Bulphates of zinc and 



By truncating the four macro-diagonal polar edges of the 
octahednm, we obtain the combination seen in fig. 61, the 
replacing facee liave the ^mbol Poo , since they run parallel 




Vie «!■ Kg- 62. Pig, Ga Fig. 64. 

to tlie bnehy'Jiagonal axis, and cut tbe macro-diagonal at the 
distance b, and the principal axis at the distance c : they are 
termed domes, since they terminate in the vertical direction 
like the pitched roof of a house (domtts). f oo is the symbol 
of tlie hrachy-dvigonal dome. The macro-diagonal dome 
convenely haa the symbol F<o . Fig. 62 represents a crystal 
of nibe, a combination of the prism ooP, the brachy -diagonal 
) QoFco and the brschy<diagonal dome Foo , Fig. 63 
mtB a crystal of barium formate of the combination 
ccPand^oo ; fig. 64 a combination of odF, F, Fqo , Fm and 
QcFso , aeen on magnesium sulphate. In this, as in the ttvo 
TOeoeding systems, we have acnter and obtuser pyramids than 
P, distinguished by ^ P, 2 P, etc We have also acuter and 
obtnaer domes, as SPco , ^?oo , etc., 3Poo , |-Pao , etc We 
may also have priBms with variable horizontal sections: fig. 
65 will serve to explain the manner in which these prisma 
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are designated. iJet if, 
rr & be the secondary axes 
of the fundamental octa- 
hedron; tliB rhomb g e 
h/iB the horizontal sectioa 
of the prism osP, We 
maT have other prisms de- 
rived &om the name octa- 
hedron, in which e f ia 
_ constant, bnt in which g h 

SiSf ^ may be larger or BmEillen 

Let the points t and k be sitnated midway between g and 
tn, and A and m respeotiTely; then t e £/ia the ideal seotion 
of a prism, the dii^uats of which are eqnal to the bnohy- 
diagonal, and half the macro-diagonal of the fondamental 





Fig, S& rig. 67. 

form. Such a prism would be designated by the formula 
a : ,£ : coc, or mF^ I'igs. 66 and6?represeut crystals of topaz: 
the first is a. combination of ooP, ooF^, and F; the second of 
ooP^FaoiondF. Fig. 68 is a combination of cioP2,and oof co 
and F, observed on potEtssium sulphate; the crystal has been 
turned half-way round to show the position of the dominant 
faces. It will be noticed that the inclination of the edge 
between F and the prism ooPoo varies with the value of tu 

A. large number of substances crystallise in this system; 
among these may be mentioned the chlorides of lead, Imrium, 
mercury, and copper; the nitrates of ammonium, and silver; 
the sulphates of ammonium, rubidium, sodium, silver, barium, 
strontium, and lead; and iJie carbonates of calcium fu^on- 
ite), barium (witherite), strontium, and lead. 
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T. Thx MoKOCLiNio Ststeu. 

In this HyBtem there are three unequal axes; two of which 
are obliquely inclined to one another; the third is at right 
angles to the others. One of the oblique axes is usually 
aeleoted oa the principd axis, amoe the majority of crystals 
belongLag to this system are most developed in the direction 
of one of tlieee axes. Of the secondary axes, that which is 
obliquely inclined to the principal axis, is styled the cUno- 
dioffoagi; Ihe remaining axis, i.e., the one perpendicular to the 
OlJiBr two, ia termed the ortho-diagorwd. In figures of mono- 
fiUnio aystala Ute principal axis is vertical, the ctlno-diagonal 
mns frcnn one hand to the other, and the ortho-diagonal from 
back to front; the inclination of the principal axis to the 
dino-diaganal is thus seen in the figure. Tins inclination is 
very di^rent in different crystals : in ferrous sulphate 
(FeS0,.7H,0) it is 75" 40' ; in sodium carbonate (Na„COj, 
. 10H,<^ it u 57° 40'. 

Hu ftmdamental form is the mono- 
dinio ootabednm (fig. 69) which, ho^- 
evw, nem oocnts alone. It is bounded 
by <o^t scalene triangles, each meeting 
the axes at the distances a, h, and c from 
the oeiitr& The &ces are of two kinds, 
and are respectively designated as + F I 
and — P; one set may occur without the fig. 69. 

other; or one set may be modified without the other set, if 
present, being altered. By varying the length of any one 
axis, wa obtain other forms of octahedrons, as in the preceding 
system. The variation in the length of the principal axis is 
denoted by a sign placed before the P; a variation in the 
length of the secondary axes by a sign placed after the P. If 
the Tsiiation refers to the clino-diagonal the formula is 
enclosed in a bracket. 

We may have octahedrons of the same base as P, acuter 
or obtuser than the primary form; they are distinguished by 
+ ffiP and - TTiP. 

The oblique rhombic prism, very commonly observed on 
crystals in this system, is denoted by wP {fig. 70) when 
ing the same base as P ; oblique rhombic prisms of 
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otber bases than tbat of tbe fundamental form are deognated 
by the general formulce ooFn and [ ooFn]. Fig. 71 shows a 
combination of the prism mF with + F and the baaal plane 
oF. Fig. 72 shows a combination of ooF with - P and oP. 




Fig. 70. Fig. 71. Kg. 72. 

We have alao pyramidB oa bas^ differing from that of P, 
and designated by mPn and [mPn]. The clino-diagonal domes 
[Ft» ] possess ei^ea and feces running parallel to the olino- 
diagonal. The ortho-diagonal dome, the sides and edges of 
which run parallel to the ortho-diagonal, has the symbol »nPoo ; ' 
it hafl four dissimilar faces denoted by + mBtc and — mPoo ,and 
either set of two may be present without the othar. 




Fig. 73. Fig. 74. Fig. 75. 

Lastly, we have clino-diagonal end faces catting the ortho- 
diagonal, and running parallel to the clino-diagonal and 
principal axis denoted by [ ooPoo 1 ; the ortho-diagonal end- 
faces, which cut the clino-diagonid and run parallel to the 
ortho-diagonal and principal axia, are denoted by ooFso. 
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Fig. 73 represents a combinatioii of - P, the prism cnF, and 
the dino-diiigoiial end-face [ coPso ]. Fig. 74 the game, with 
tbe addition of oP, Fig. 76 the Bame, with + P, but without 
the bue. These forma are ooramonly obMerved on selenite. 

Vig. 76 represents & ctystal of the double eulphate of nickel 
and potussiirni; it is a combination of the prism coP, clino- 
diagmud domo [Poo ], and basal plane oF. Fig. 77 is a com- 
biniiitiint of the ortho-diagonal dome -I- F«o , the prism ooF, 
the clino-diagonal end-face [ CoPoo ], and tlie basal plane oF; 




Fig. 7& Fig. 79. 

it is a common form of ferrous sulphate. By undue develop- 
ment of the prismatic face, It often assumes a very different 
appeannce; other forms of the nit are seen in figs. 78 and 79. 
Among the principal bodies crystallising la this system may 
be maniioned: — Sulphur, hjdrated sodium chloride (NaCl 
2H,0), Boditun carbonate (NajCOj.lOH^), potassium chlo 
rate, Bodinm phosphate (N'4hP0^.12HjO), the vitriols 
(M.aOf.7HjO), sodium thiosul^iate, oxalic and tartaric acids, 
lead aoetate, a^ cane sugar. 

VI. TaiciiNio Stste», 
All three axes in this system are obliquely inclined to one 
another, and (so far ae is known) are unequal in length, 
!nio principal axis is selected as in the preceding system; the 
secondary axes— the macro- and brachy-<£^onal — being placed 
in rep'BBentationa of the crystals so as to exhibit their peculi- 
aritieB most clearly. Ibo primary form may be regarded as 
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an octahedron, the eight faces of which ore of four', kinds, 
each pair only of parallel faces being similar; hence each pair 
may occur in combination without the others. The six angles 
are of three hinds, and c£ the twelve edges only parallel pairs 
are similar. The complete octahedron (which, however, never 
actually occurs) is represented by the sign ' F ' ; the four front 
faces are designated by 'P, P', ,P, 
and P,; the corresponding back faces 
being designated by the same signs 
We have difierent oota- 
1 the sEuue base represented 
by the general formula mP, and oota- 
hedrons on different bases denoted by 
Fig. 80. the general formnlie mPn, and mPn ; 

each octahedron has the same variety of kinds of edges and 
faces as the primary form, and any two may occur without the 
others. 

We have also tridinic prisms ooP of the same base as ^e 
primary octahednm, and prisms of different bases denoted by 
osPnand osfn; only parallel pairsoftiiefourprismatic faces 
are similar, and either pair may occur in combinatioQ without 
Hie other. The right front face of the prism, and that behind 
which is parallel to it, are denoted by oaP', the others by 
oo'P; the notation for the other prisms being similar. 
Domes parallel to the secondary axes are denoted by mPoo 
and mf 00 ; the opposite faces are alone similar. The basal end- 
• faces are denoted 

by oP, the brachy- 
diagonal end-faces 
by osPoo , and the 
macro-dii^onal end- 
faces by <»Poo . 

All triclinic cry- 
stals are necessarily 
combinations, and 
these are frequently 
highly complicated. 
Comparatively few 
salts crystaUise in this system : among the chief sabstances 
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tnaf be mentioned copper, manganese, and iron sulphates, 
of the fonntila MSOj.BHjO; potasdum and silver dichro- 
mates; boric acid and grape sugar. Figs. 81 and 82 repre- 
sent characteristic forms cj copper ealphate. 

Eehihedbal Fobus. 
We have stated that not unfreqoently the faces of a crjatal 
are "vtay nneqnally developed, and sometimes (as in the 
quartz sryBtalH, figs. 7-10, p. 64, and in the crystalB of lead 
nitrat^ ^. 12, p. 65), 
cerbun of them are 
neariy wanting; This 
total dlMppearance of 
faces does actually 
ocoor in many cases, 
bat aocordiiig to law, 
and abody results of as 
symmetrical an ideal 
form as the iimda- 
mental taia. Snppose, 
fin: exam|^, four alter- 
nate fooes of the regu- 
lar octahedron vere bo 

extended, in the man- Fig. S3, 

ner indicated by £g. 83, that the remaining four -were nearly 
obliterated, -we should obtain a form similar to that seen in 
fig. S4. If the four 
&ceB completely dis- 
appeared ire Bhouldl 
haTe the four-sided I 
bo«ly, or tetrahedroJiM 
seen in fig, 86, andl 

denoted by ^^ or ■ 

Of oouTBe, the other I'ig. 84. Fig. 85. 

fbur sides might be developed in the same manner : we should 

thna obtain a second tetrahedron equally similar, but oppo- 

intely placed, and denoted by ^ or - y* Both tetrahedrons 
■re oocamtmally found on the same ciystal as in fig. 84. 
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Such bodies are termed hemiAedral or half-tided, unce ttiey 
are formed by the developmetit of half the aides of the com- 
plete oTholohedrai form. Fig. 86 represente a combination of 
the tetrahedron (o) and cube (o). Fig. 87 the Bame, with 
the addition of the negative tetraJiedron {»'). The moat im- 
portant of the remaining hemihedral forms of the regular 
system is ^epentag<mal dodecahedron, fig. 88, which is the 
hemihedral form of the four-faced cube, and hence has tiie 
Bymbol g ■ 




Fig. 8G. Fig. 87. Fig. 88. 

The tetrahedron ia observed on sodium antimony sul- 
phide (Schlippe's salt), sodium chlorate and bromate, silicon, 
diamond, cuprous chloride, zinc-blende, boracite, etc. The 
pentagonal dodecahedron is occasionally found on lead 
nitrate, and on sodium bromate and chlorate; it is especially 
fi'equent on iron pyritoa and on fahl-oi 





Fig. 811. Pig. £0. " Fig. 91. 

The hemihedral form of the quadratic octahedron, seen 

in figs. 8S and 90, is termed the quadratic sphenoid, and 

has the symbol q . It occurs alone, although rarely, on 

c cyanide and on Btrontium formate; in comhinatioa 
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wi^ holohedral forms it is more common. The octagonal 
pyramid or di-ocloAedron in this ejetem yields a hemihedral 
form; it is termed the acalenohedron, fig. 91. 

By iar the most important hemihedral forms are those be- 
longjng to the hez^oual system, and of these the most common 
is ^e rhombohednm, fig- 92. It is derived from tho double slx- 




Wg. 92. rig. 93. Fig. 94, 

sided pynmid by the development of one-half the faces to 
the excloson of the other hajf, in the manner indicated by 
fig. 93. Fig. 94 represents a combination of the rhombo- 




Pig. 95. Fig. 96, Fig. 97. 

bedrons R and 2B (the latter derived from SF), with the 

bax«^;oDal prism ocF. Fig. 95 shows a combination of 
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two rhombohedrona of diiTerent steopaess, and fig. 9G a com- 
bination of an acute rhombohedron and the base. These 
forms are very common on calc spar, and on the natumUy 
occumug carbonateB of iron, manganese, magnesium, and 
zinc. Sodium nitrate possesses similar forms. The tcaUno- 
/tedron, fig. 97, is the hemihedral form of tbe dihexagonal 
pyramid. Occasionally, only half tbe faces of the scaleno- 
hedron are developed, and a form with only one-fourtli the 
number of sides of tbe primary dihexagonal pyramid resoltB; 
it is termed the tetariohedron. 

The tetrahedron of the rhombic octahedron, termed ths 
rhombic aphenmd g- , is frequently observed in oombinatum 
on magnesiom and zinc sulphates. Fig. 98 represents a oomr 
I bination of the prism ooF with -k oocnrring on 
I these salts. 

Twin Crystah. — Groups of oryatala are 
I occasionally met with which appear as if mutu- 
I ally intersecting one another; or as if one 
i crystal had been divided in a direction paralld 
to one &ce, one-half turned round and tiien 
reunited. If we suppose that the octahedron, 
Fig. 98. fig. 99, is divided parallel to one face, and one- 
half turned through 90°, we obtain the hemitrope seen in 





Fig. «9. Fig. 100. Bg. 101. 

fig. 100, frequently obserred on lead nitrate, alum, and mag- 
netite. Sach forms ore termed contaet-twing in contra- 
distinction to irUeriecHtm-twint, such as that of the cube, fi^ 

0. chloride,and pyrites. 
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Twin ciystals or modes, as tliey are sometimea termed, are 
obaerved on forma belonging to the wliole of the syatemB. 
Ilg. 102 repreaenta a macled cryatal of tin-stone (quadratic). 
Fig. 103 one of atanrolite (rhombic), and fig. 104 of eelenite 
(monoelinic). Twin cryetals may nsnallf be recognised hj 
their re-entering angles. 




Fig. 102. Fig. 103. Fig. 104. 

The complete description of the phjeical characters of a 
ctTVtal indndes the determination of its direction of least 
ocmerence, *.«., the direction in 'wldch it is meet readily split 
or doTen. The cleavage planes of a crystal are usually those 
d the simpler forma of l^e system te vhich it belongs, and 
cAen afford great asdatonce in the determination of its true 
iiijitailhutimiliiii relations. The nature of the ftacture and 
tlw ■tanutare (C&, whether fibrous, stellate, granular, etc), 
uv important duiracteristica, more particularly in natural 
The optical properties of crystals, especially 
r nfriotive and polansing powers, are of great import- 
I in determining the particnlar ^tem to which they 



CHAPTER IV. 

THE METALS. 

The 64 elementary bodies known to the chemist are divided 
into two groups of 49 metals and 15 non-metals. The 
majority of the metals are sparingly distributed, :u).d some 
are met with only in rare minerals, and are of litt]3 practical 
importance; few of them occur in the free state, although 
some are never found in any other condition. With the 
exception of mercury they are all solids, and possess a cha« 
racteristic ImPre when in Lss. Gold ai^d sUv^ are tiana- 
lucent in thin plates, but none of the other metals have been 
obtained in sufficiently thin leaves to allow of the trans- 
mission of light. When finely divided their power of reflect- 
ing light disappears, but on compressing their particles 
together it again becomes manifest. As a rule, the metals 
appear to possess a white or grey colour. Gold and the 
metals of the alkaline earths are yellow, copper is red, and 
bismuth and potassium have a pink tinge. It is to be 
observed, however, that the true colours of the metals are 
difficult of detection from the circumstance that the greater 
portion of the light which falls upon their surfaces is simply 
reflected without change; hence the tint due to the feeble 
decomposition of the light is greatly diluted, or even entirely 
masked, by the great proportion of this reflected white light. 
By repeatedly reflecting the light from surface to surface of 
the metal, the proportion of decomposed to ordinary light is 
gradually augmented, and the true colour of the metal be- 
comes apparent. Starting from the fact that when white 
light is decomposed, the reflected coloured ray is comple- 
mentary to the absorbed or transmitted ray, Seely has sug- 
gested that the natural colour of the alkali-metals is copper- 
red, since solutions of these metals in liquid ammonia appear 
blue by transmitted light, and to this colour copper-red is 
complementary. 
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The specific gravities of the various metals, so far as these 
Bxh known^ are contained in the following Table ; — 



lithium, 
PotaaainTn, - 
Sodium, - - 
Rnbidiom, - 
Cidciimi,- - 
liagnesiiim, 
Glnciiium, - 
Sfarontiiim, > 
Ah*"*™'""*, 
Barium, - - 
Zurcooium, - 
Antimony, - 
Chiomiiim, - 

Tin, - 
Tyi^ inTW, 
Iron, - 
Cobalt, 



0-678— 0-589 
0-865 

0-972— 0-986 
1*52 

1-566—1-584 
1-743 
2 1 
2-50— 2-58 

2-50— 2-67 

4 

4 15 

6-72 

6-8 

6-9- 7 

7-3 

7-2—7-4 

7-8—8-1 

8-5—8-9 



Cadmium, 
Molybdenum, 

Nickel, - - 

Copper, - - 

Bismuth, - - 

Silver, - - 

Lead, - - - 

Tiiallium, - 
Rhodium, 

Ruthenium, - 

Palladium, - 
Mercury, 
Uranium, 
Tungsten, 

Gold, - - - 

Platinum, - 

Iridium, - - 



8-6 
8-6 

8-8— 9 
8-8— 8-9 
9 •8— 9-9 
10-4— 10-53 
11-3—11-4 
11-8— 11-9 
110— 11 '2 
110—114 
11-3— 11-8 
13-596 
18-4 
19-261 
19-3—19-3 
21-5 



- 22-4 



Many of these numbers must be considered as only ap^^roxi- 
mately accurate on account of the dificulty of obtaining the 
metals in the pure state. Some of them, however, corre- 
ipond to real differences in specific gravity depending upon 
particalar conditions of the metal. As a rule, the specific 
gravity of the metals is increased by hammering and rolling; 
bismuthy however, forms an exception. The specific gravity 
of the metal as wire is usually less than that of the same 
metal rolled. ElectrolyticaUy-deposited metals also differ in 
qpedfic gravity from the same metals reduced by heat. The 
following Table contains examples of these differences : — 

Thallium, cast, 11*853 

„ wire, 11-808 

Bismuth, crystallised, 9 935 

quickly cooled, 9*677 
after pressure, ....9*556 



Iron, wrought, 7-74— 7 87 

„ wire, 7-6 —7-7 

„ electrolytic, 8139 

Oopg^, rolled, 8*88—8*93 

„ wire, 8-63—8*9 

eleclvolytio, . . .8 *94 



•• 



}} 



The metals manifest great variations in capacity of extension 
mider the hammer, or between rollers. Some of them, like 
gold and silver, may be obtained in exceedingly thin leaves; 
others, like antimony and bismuth, appeal* to be perfectly 
immalleable. Similar differences are noticed in the tenacity 
of the metals; some of them can be drawn out into very fine 
10 — ^11. F 
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Wire; 



others are altogether destitute of dnotility. < The 
following Table, due] to Wertheim, shows the weight in kilb- 
grams required to break different wires of 1 square milli« 
metre in thickness: — 



Lead, 2*2 

Tin, 2-6 

Gold, 26 

Silver, 29 



Platinnm, 34 

Copper, 40 

Iron 63 

Oast-steel, 83 



These numbers were obtained from carefully prepared and 
wen annealed specimens; for lesults obsefsrid ^ actual 
practice, and on the large scale, in the case of the common 
metals, the student is referred to Anderson's Strength of 
Materials (Longmans). 

Metals conduct heat and also electricity very unequally; 
the order of conductivity in both cases appears, however, to 
be the same : — 





CONDDCTIVITV. 


Thermal. 


Eleotrio. 


Silver, 


100 
73-6 
281 
14-8 


100 
79.3 
27-3 
170 


Copper, 


Zinc,..., 


Tin, 


* > " •••..»••••«».•. 





The metals show great differences in fusibility and volatility; 
mercury is liquid, and emits vapour at ordinary temperatures; 
gallium softens between the fingers, and rubidium, potassium, 
and sodium melt below 100®. The following table shows 
the fusing and boiling points of a number of metals : — 





Melting 


1 
Boiling 




Point. 


Point. 




•c. 


•c. 


Mercury, 


-39-4 


357 


Rubidium,.... 


38-5 


« • • 


Potassium, ... 


62-5 


• • • 


Sodium, 


97-6 


• • • 


Indium, 


176 


• • • 


Lithium, ..... 


180 


• • • 


Tin, 


235 


• • • 


Bismuth, 

• 


268 


• • • 



Thallium,... 
Cadmium, .. 

Lead, , 

Zinc, , 

Silver, , 

Copper........ 

Gold, 



Melting 


r Boiling 


Point. 


Point. 


•c. 


•c. 


294 


• • • 


320 


860 


334 


• • • 


423 


1040 


1025) 




1200 > 


aboat 


1200) 
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Many metals melfc only at the veiy highest temperatares, 
and the determination of the exact point is a matter of great 
difficulty; certain of them soften before actual fusion occurs, 
80 that they can be hammered or welded into compact masses. 

Compounds of Metals with Metals — Alloys. 

The affinity of the metals for one another is comparatively 
feeble, and the combinations produced by their mutual union 
are generally unstable. In certain cases, as in the addition of 
the alkaline metals to mercury, or when copper is mixed with 
zinc, or tin with platinum or gold, heat is produced indicat- 
ing the existence of a certain amount of chemical affinity; but 
as a rule, little or no thermal disturbance results from the 
admixture of melted metals. Certain alloys appear to be 
only capable of existence when fluid; on soliditication, the 
constituent metals separate and arrange themselves in the 
order of their densities. I>eflnite combinations of the metals 
are frequently difficult to obtain, since they appear to dis- 
solve in all proportions in the excess of one or other of the 
0(m8titiieiit8. and. generaUy speaking, the soUdifying point of 
the alloy is so near that of one or other of the admixed metals 
that it is impossible to isolate the combination by any pro- 
oees of crystallization. In one or two cases, however, such a 
method is practicable, and is taken advantage of, as in the 
extraction of a silver-lead alloy in Pattinson's process for 
dflsilyerising lead. 

As a rule, the specific gravity of an alloy is diflerent from 
that calculated from the relative weights of the constituents, 
on the assumption that no alteration of volume had occurred. 
Moreover, its melting point is generally lower than the mean 
melting point of the metals; tibis fact, however, is of small 
value as indicating the existence of chemical union, since 
the fusion point of a mixture of salts is generally lower than 
that of the most difficultly fusible of its ingredients, and 
18 frequently different even from the calculated mean melting 
point. The solidifying point of an alloy is often much lower 
than its point of fusion. The colour, hardness, and tenacity of 
metals frequently change on alloying, and the behaviour of 
the alloys towards reagents is, in many cases, diflerent from 
jr\i^t we should expect from the nature of the constituent 
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metala Thus nitric acid has little or no action on platinum, 
although it rapidly dissolves silver; an alloy of the two 
metals is, however, readily dissolved by this acid. On the 
other hand, when silver is added to gold in certain propor*> 
tions the alloy is unacted upon by nitric acid. 

The special character of the alloys will be described in 
connection with one or other of their component metals. 

Combinations of the Metals and Non-Metals. 

In alloys the peculiar lustre and general metallic cha- 
racter of the constituents are preserved; in combinations of 
the metals with the non-metals the characteristic properties 
either disappear or are very considerably modified. 

7. Metallic Hydrides. — Comparatively few metallic 
hydrides are known, and the compounds which have actually 
been prepared are very unstable. Antimony forms a gaseous 
hydride of the composition SbHg, analogous to the hydrides 
of nitrogen, phosphorus, and arsenic; it decomposes with 
great ease even at ordinary temperatures, and cannot be 
obtained unmixed with hydrogen. Hydrogen is absorbed 
or occluded by many metals, notably by palladium, with the 
formation in all probability of a definite alloy, Pd^Hg. Favre 
has shown that the heat developed by the union is the same 
for the last as for the first portion of hydrogen added, which 
is not true in the case of the absorption of hydrogen by 
platinum, charcoal, etc., which are purely cases of capillaiy 
affinity, in which the gas may be assumed to form a layer, 
the density of which diminishes with the distance from the 
surface of the solid. Troost and Hautefeuille have described 
combinations of hydrogen with the alkaline metals. The 
best known hydride is that of copper; it is a reddish- 
brown powder which in contact with hydrochloric acid forms 
cuprous chloride and free hydrogen. 

Zinc, iron, and magnesium also appear to form hydrideSy 
but their composition is unknown. 

8. Metallic Oxides. — All the metals unite with oxygen, 
and many of them in more than one proportion. The affinity 
which they manifest, however, for that element is very vari- 
able; some of them, like the metals of the alkalies and 
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alkaline earths, cannot be exposed to the air -without im- 
mediate oxidation resulting, whereas the oxides of gold, 
silver, and platinum, ruthenium, rhodium, and iridium, can 
only be procured by indirect methods. Iron and lead, when 
massiye, experience no change in dry air, but when very 
finely divided they are oxidised with incandescence. The 
oxides are generally prepared by heating the corresponding 
hydrates or the oxygen salts of volatile acids. As a rule, 
they are opaque, lustreless bodies, for the most part fusible, 
but not readily volatilised. Some of them are decomposed 
on heating, and the greater number may be reduced either 
to the metal or to a lower state of oxidation by ignition with 
carbon, hydrogen, or carbon monoxide. Chlorine usually 
converts the oxide on heating into a chloride or oxychloride; 
sulphur forms a sulphide with certain metals, especially with 
the so-called heavy metals, with others it produces a sulphate; 
on alumina^ magnesia, and the oxides of tin, titanium, and 
chromium, it has no action. 

9. Metallic Hydrates. — The oxides may be regarded as 
derived from one or more molecules of water by the replace- 
ment of the hydrogen by the metal : e.g.y 

\\i 

By replacing only a moiety of the hydrogen the correspond- 
ing hydroxide results : 

II in 

The hydroxides are generally more or less soluble in water, 
and possess an alkaline reaction; even many of those which 
are usually accounted insoluble in water, as those of silver 
and zinc, yet clissolve in sufficient quantity to show this 
reaction. The majority of the hydroxides are decomposed 
on heating with the formation of water and the correspond- 
ing oxide; some of them, like aluminium hydroxide, require 
a very high temperature to effect the complete expulsion of 
the water; others, like potassium hydroxide, retain it, appar- 
ently, at all temperatures. 

10. Metallio Chlorides.— All the metals combine with 
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chlorine; and, as a rule, to which however there are many 
exceptions, each metallic oxide has a corresponding chloride. 
Many of the chlorides occur native, and constitute valuable 
minerals. They may be artificially prepared by the direct 
union of chlorine with the metal; or by the action of the gas 
upon the heated oxide, either alone or mixed with charcoal; 
or by the action of hydrochloric or nitro-hydrochloric acid 
upon the heated oxide, either alone or mixed with charcoal ; 
chloride may be obtained by the action of hydrochloric acid 
upon the sulphate. Some chlorides may be obtained by the 
action of a metallic chloride upon a metal; thus stannous 
chloride may be formed by heating a mixture of granulated 
tin and mercuric chloride : — 

HgCl, + Sn = SnCl, + Hg. 

The majority of the chlorides are soluble in water, and some 
of them dissolve in alcohol and ether. On the addition of a 
large volume of water to the solution of certain chlorides, 
oxychloridea are formed; e,g,y in the case of bismuth chloride: 

BiCla + TS.fi = BiOCl + 2HCL 

Other chlorides, as,' for example, those of antimony, vanadium, 
and titanium, are completely decomposed by water. Most 
of them are volatile at a sufficiently high temperature with- 
out decomposition; but not mifrequently the higher chlorides 
lose chlorine on heating. With the exception of the chlorides 
of the alkalies and alkaline earths, they are reduced on heat- 
ing in hydrogen with production of the metal, or a lower 
chloride and hydrochloric acid. Some of them, like the 
'shlorides of copper and silver, are reduced to the metallic 
state in contact with iron or zinc in dilute hydrochloric or 
sulphuric acid. Sulphuric acid, and also nitric acid, by 
repeated treatment, decompose the greater nimiber of the 
chlorides at a gentle heat; at higher temperatures they are 
also decomposed by phosphoric and boric acids. Most of 'them 
evolve chlorine on treatment with manganese dioxide and 
sulphuric acid; and when heated with potassium dichromate 
and strong sulphuric acid, they form chromyl dichUnide 
(CrOgClg), a dark-red volatile liquid decomposed by watei> 
with formation of chromic and hydrochloric acids. Many 
chjorides exhibit a tendency to combine together forming so- 
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caUed double salts, e.g., 2KCl.PtCL; 2NH.Cl.PtCL ; HgCla- 
2NH^CL 

U. Metallic Bromides. — ^These compounds are similar to 
the corresponding chlorides, and for the most part may be 
obtained bj analogous methods. They are, in general, fusible, 
and may be Yolatilised at a sufficiently high temperature. 
They are decomposed by chlorine or by hydrochloric acid, 
with elimination of bromine or production of hydrobromio 
add. Heated with manganese dioxide and sulphuric acid, 
bromine is evolved, but no compound analogous to chromyl 
dichloride is formed on the addition of sulphuric acid and 
potassium dichromate. 

12. Metallic Iodides. — The iodides are, in general, similar 
in composition and properties to the corresponding bromides 
and chlorides, and may be prepared by like methods. They 
are decomposed by bromine, or on heating with hydro- 
bromio acid; they are fusible, but are usually less volatile 
than the bromides or chlorides. They are decomposed on 
heating with sulphuric axjid, with formation of hydriodic 
acid, sulphur dioxide, and free iodine. 

18. Metallic Fluorides. — A few fluorides are found native. 
Those which are known only as artificial preparations are not 
easily obtained pure, and are difficult to preserve. They 
may be obtained by dissolving the metals or their oxides, 
hydrates, or carbonates, in hydrofluoric acid; or by heating 
the metals with already formed metallic fluorides; thus, 
antimony fluoride may be obtained by heating that metal 
with lead or mercury fluoride. Certain fluorides, as for 
example those of arsenic, chromiimi, and titaniimi^ can be 
prepajred by heating the corresponding oxides with fluor-spar* 
and Nordhausen acid or oil of vitriol : e.g., AsoOo + SCaFn + 
aSO^Hg = 2ASF3 + SCaSO^ + 3H2O. 

The fluorides, for the most part, resemble the correspond^ 
ing chlorides, but, in general, they are much less soluble in 
-water than those bodies. Silver fluoride, however, is readily 
dissolved; on the other hand, the fluorides of the alkalies 
and alkaline earths are but sparingly soluble. When dry, 
they may be ignited without decomposition ; when heated with 
flolphtirie acid they are converted into sulphates, with evolu-> 
tion of hydrofluoric acid. 
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The fluorides show a remarkable tendency to form double 
salts ; the following are examples of such compounds : — 

Ammonium hydrofluoride, ^^^F* ^^ 

Potassium borofluoride, KF. BF, 

Potassium silicofluoride, 2KF. SiF^. 

Analogous compounds of titanium, tin, and zirconium are 
also known. 

14. Hetallic Compounds of the Halogens and Oxygen. 

— ^The most important of these combinations are the chlorates 
and perchlorat^s, iodates and periodates ; the corresponding 
bromine compounds are very unstable, and but little is 
known of them. The chlorates are formed by solution of 
the metal or its oxide, hydrate, or carbonate in chloric acid ; 
or by the action of chlorine upon a hot solution of the hydrate; 
thus in the case of potassium chlorate — 

6HK0 + SClj = KCIO3 + 5KC1 + SHjO. 

By keeping the solution cold duiing the action of the gas, 
potassium hypochlorite is obtained — 

2KH0 + CI, = KCIO + KCl + Hfi. 

The chlorates may, indeed, be obtained from the hypochlorites 
by simply boiling their solutions — 

3KC10=KC103+2KC1. 

They may also be readily obtained by adding the correspond- 
ing sulphate to barium chlorate, e.g, — 

TljSO^ + Ba(a08)a = STlClOa + BaS04. 

The only important hypochlorite is the calcium dompound, 
the preparation of which has already been described (Vol. I., 
p. 274). All the chlorates are dissolved by water, the most 
sparingly soluble being the potassium and thallium salts. 
They are decomposed on heating, either with the evolution 
of oxygen and the formation of a metallic chloride, or with 
the evolution of both oxygen and chlorine, and the produc- 
tion of an oxide or oxychloride — 

2KC10a r= 2KCl+30n 

4Pb (C103)a=2(PbClj.PbO) +2Ca,+ 110,; 

2Ni (CIO3), = 2NiO + 2C1, + 60, 

In the case of potassium chlorate, a certain amount of per^ 
chlorate is formed at an intermediate stage of the decom- 
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pOBitioii. The chlorates are decomposed by sulphuric acid, 
with formation of chlorine tetroxide (Vol. I., p. 277), by 
hydrochloric acid with the production of free chlorine, in 
addition to the tetroxide {loc cit), and by nitric acid with 
formation of nitrate, perchlorate, free oxygen, and chlorine. 

The perchlorcUes are best formed by dissolving the metal 
or its oxide in perchloric acid, or by the action of a sulphate 
upon barium perchlorate : thus in the case of thallium per- 
chlorate — 

TI1SO4 + BaCClOJa = 2TICIO4 + BaS04. 

Potassium perchlorate is readily obtained by the action of 
heat or nitric acid upon the chlorate; on treating the product 
with water, the more soluble chloride or nitrate is readily 
washed away, and the perchlorate may be purified by re- 
crystallization. The perchlorates are more or less soluble in 
water, the potassium compound being one of the most in- 
soluble. They are generally deliquescent, and may be heated 
to a higher temperature than the chlorates without decom- 
position; strong sulphuric acid liberates perchloric acid with- 
out evolution of chlorine. 

The iodates are more numerous than the chlorates, on 
account of the tendency of iodic pentoxide to form acid or 
anhydro-iodates; thus no less than three potassium iodates 
are known, viz. — 

Normal potassium iodate, KIO3 

Potassium di-iodate K2l40ii = 2KIOa.IaOa 

Potassium tri-iodate, Kl3U8=KI03.l305. 

The iodates may be formed by bringing iodine in contact with 
a hydroxide, and removing the iodide simultaneously formed 
by digestion with alcohol; or by the action of iodic acid upon 
the oxide or metal. They are, in general, but sparingly 
Boluble in water, and are decomposed on heating in a similar 
manner to the chlorates. The basicity of iodic acid is not 
definitely established; there is reason to believe that it is 
bibasic, unlike chloric and bromic acids, which are mono- 
basic; moreover, the iodates, with the exception of the 
barium salt> are not isomorphous with the corresponding 
chlorates; on this view the molecular formula of the acid 
would be I20^H2. 
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The oonstitution o£ periodic acid is still a matter of doubt; 
its salts appear to be best represented on the assumption 
that its molecule has the composition HrlOg; the following 
formula express the composition of a number of its 
derivatives:— 

Bi-sodium periodate, ....NaJ^JLO^ 

Tri-potassic periodate, EgHJOf 

Mono-ammomum periodate, NhJBLIO^ 

Diargentic periodate, AggHglOc 

Pen^-argentic periodate, AgslOs 

Lithium ammomum periodate, LmHJffsIOe 

Barium periodate, 'Bsk^'EL^fii^, 

The periodates are, in general, very sparingly soluble in 
water ; they are decomposed on heating into a metallic iodide 
or into a mixture of iodide and oxide or metal and free 
oxygen. 

15. Hetallio Sulphides. — As a rule, for each oxide we 
have a corresponding sulphide, although instances to the 
contrary are by no means rare. Moreover, certain sulphides 
are known to which we have no analogous oxide. Many 
sulphides occur in nature, and constitute important sources 
of metals; thus lead, copper, zinc, mercury, and antimony, 
are largely extracted from their sulphides. The sulphides 
may be formed artificially (1) by the direct union of the 
metal and sulphur; or (2) by the action of sulphuretted 
hydrogen, or a solution of an alkaline sulphydrate on the 
metal, or on certain of its combinations, either in the dry 
state or in solution; or (3) by heating the oxide or sometimes 
the chloride in vappur of carbon bisulphide; or (4) by heat- 
ing the sulphates with hydrogen, carbon, or organic matter. 

The greater number of the sulphides are insoluble in water; 
when found native they are generally crystallised, sometimes 
in highly characteristic forms. They are usually of a dark 
colour, and are very rarely transparent. Lead sulphide, cin- 
nabar, and realgar transmit light when in thin plates. Some 
of them are very soft, and many are easily fusible. Many of 
the lower sulphides suffer no change in composition on being 
heated out of contact with air; certain of the higher sul- 
phides, however, part with a portion of their sulphur, and 
arc conTerted into lower sulphides; a few sulphides, mora 
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especiallj those of gold and the platinum metals, are com- 
pletelj decomposed on heating. 

All the sulphides, which are not completely decomposed 
hj heat alone, suffer change in contact with heated air; 
sometimes an oxide of the metal is formed together with 
sulphur diozid^; sometimes a sulphate, and occasionally the 
metal itself is produced hj the interaction of the oxidised 
products. Thus in the case of galena or lead sulphide, wo 
have the following changes — 

(1) PbS+0, =PbO+SOa 

(2) PbS+04 =PbS04 

(3) PbS+2PbO =Pb3+S0, 

(4) PbS+PbS04=Pbj+2SOj. 

Reactions such as these are of great importance in many 
metallurgical operations. The nature of the change fre- 
quently depends upon the temperature of the oxidation; thus 
at low temperatures there is a tendency to the production of 
8alphate8,whereas oxides are mainly formed by intense heating. 
^ Certain metaUic sulphides are decomposed by acids either 
in the cold or on heating; sulphuretted hydrogen being 
evolved and a metallic salt formed; thus with ferrous sul- 
phide and sulphuric acid — 

FeS + H,S04= H^ + FeS04, 

80 also with antimony sulphide and hydrochloric acid — 

Sb A + 6HC1 = 2SbCl3 + 3HjS. 

Strong nitric acid produces sulphuric acid, or a metallic 
mll^te, and a lower oxide of nitrogen; if the nitric acid 
be not concentrated, more or less sulphur is simultaneously 
liberated* Nitrohydrochloric acid reacts in a similar manner, 
a sulphate or occasionally, as in the case of mercury, a chlorido 
of the metal being formed. 

Certain metallic sulphides, notably those of the alkalies, 
form sfdphydrcUes or hydromlphidea in contact with sulphur- 
etted hydr^n; thus in the case of potassium monosulphide — 

KjS+H^=2KHS. 

This reaction is precisely analogous to that which occurs on 
adding potassium monoxide to water, when potassium hy- 
droxide is formed — 

KaO+HaO=2KHOi 
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On addiog bjdrodikKic acid to potossiom solphydrate, sni- 
phnretted hrdrogen and potaashnn ciiloride are formed^ 
exacd Y as water and potaashnn ddoride are produced on the 
additum o£ hjdrociilorie acid to caustic potash — 

KHO+Ha=Ka+H,0. 

Many of the solpliides of the alkalies and alkaline earths are 
decomposed bj water, with formation of a snlphydrate and 
hydroxide; thus barimn soli^de decomposes into barium 
sulphydrftte and barium hydrate — 

2BaS + 2H,0 = BaH^ + BaH^Or 
The extent of the decomposition appears to depend upon the 
relative quantities of water and sulphide present; in strong 
aqueous solution, sodium sulphide (Na^9H^0) can exist 
unaltered. This is indicated by the fiict that such a solution, 
when boiled with potassium ethyl-sulphate, yields principally 
ethyl-sulphide (C^H^);^ whereas it should yield mercaptan, 
CjH^HS, if the sulplude had been completely decomposed 
into the sulphydrate and hydroxide. By cQlutuig the solution 
mercaptan is formed, in quantity depending upon the extenc 
of the dilution. 

The alkaline sulphydrates dissolve certain metallic sul- 
phides forming so-called sulphur-salts; thus on adding arsenic 
trisulphide to anmionium or potassium sulphydrate, the 
sulpharsenite of ammonium or potassium is produced : arsenic 
pentasulphide also exists in combination with metallic sul- 
phides, fonning the so-called sulpharsenates. The general 
composition of these salts may be represented by the formulae: 

Metasnlpharseuate, MAsSs 

Pyrosulpharsenate, M4As^ 

OrthosnJpharsenate, M^AsS^ 

corresponding to the meta-, pyro-, and ortho-modifications 
of phosphoric acid, or to the analogous stUphophosphcUes. 

A series of unstable compounds, known as sulphocarbonr 
ates, are formed by the action of carbon bisulphide upon the 
hydroxides; thus with caustic potash — 

6KH0 + 3CS, = 2K,CS, + KjCOj + 3H,0. 

The sulphocarbonates of the alkalies and alkaline earths are 
yellow or red compounds^ soluble in water; their solutions 



UETALLIC SULPHATES. 93 

are gradually decomposed in tlie cold, but more quickly on 
heating, with the formation of a carbonate and sulphuretted 
hydrogen — 

KjCSa + 3HjO = K5CO3 + 3H,S. 

Certain of these compounds have been extensively used in 
the treatment of vines against the ravages of phylloxera. 

Selenium and tellurium also combine with the metals, form- 
ing combinations of analogous composition to the sulphides. 

16. Metallic Sulphites. — Since sulphurous acid is dibasic, 
two series of sulphites are known, viz., acid and nomud sul- 
phites, analogous to the acid and normal carbonates, with 
which bodies, indeed, many of the sulphites are isomorphous. 
The alkaline sulphites are soluble in water; the sulphites 
of the alkaline earths are soluble in solutions of sulphurous 
acid; the sulphites of the heavy metals are for the most 
part insoluble in water. The soluble sulphites may be j)re- 
pared by passing a current of sulphur dioxide into water 
containing the hydrate or carbonate, either in solution or 
suspension; the insoluble sulphites are best obtained by 
doable decomposition. The salts are generally stable at 
ordinary temperatures when dry, but in solution they are 
gradually converted into sulphates; all acids, except boric 
and carbonic acids, decompose them with separation of 
sulphur dioxide. On heating to redness, they are decom- 
posed into a metallic oxide and sulphur dioxide, or into a 
mixture of sulphate and sulphide. Nascent hydrogen con- 
verts them into metallic sulphides; hence with zinc and 
hydrochloric acid they evolve sulphuretted hydrogen. Acid 
sodium sulphite, or solution of calcium sulphite in sulphurous 
acid,' are used as antiseptics, in the curing of fruit ex- 
tracts, e.^.; lime-juice, or in arresting fermentation or putre- 
faction. 

17. Metallic Sulphates. — ^The sulphates may be obtained 
(1) by the action of the acid upon the metal, its oxide, 
hydrate or carbonate; (2) by the action of sulphur trioxido 
upon the oxide, e.g, — 

BaO + S03=BaS04. 

(3) By double decomposition — 

BaCl, + NajS04 = 2NaCl + BaSO^. 
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(4) 67 boiling an insoluble solphate, with exoen of an 
alkaline carbonate— 

Na,CO,+SrS04=Na^4+SrCO,. 

(5) Bj fosing an insoluble sulphate with a fixed alkaline 
carbonate— 

6aS04 + Ka,CO, = Na^4 + BaCO,. 

(6) By the oxidation of finelj-diyided sulphides, e.^., in the 
weathering of pjritic shale— 

FeS J + O7 + HjO = FeSO^ + H;S04. 

The greater number of the sulphates may be obtained 
crystallised, and some of them are so found in large, well- 
developed forms. As a class, they are exceedingly stable 
salts, and many of them may be strongly heated without 
decomposition. They are generally dissolved by water; th^ 
sulphates of calcium, strontium, and lead are, however, 
sparingly soluble, and barium sulphate is almost insoluble 
in that liquid. 

18. Metallic Nitrides. — C!omparatively few combinations 
of nitrogen and the metals exist, and of several of those which 
are known the composition is still undetermined. Titanium, 
timgsten, uranium, chromium, copper, mercury, vanadium, 
and potassium form nitrides; these compounds are generally 
obtamed by heating the metals in nitrogen, or their oxides 
or chlorides in ammonia. They are usually lustreless powders, 
of a black or brown colour; some of them are very readily 
decomposed, but others, as for example the nitrides of 
titanium and vanadium, may be intensely heated without 
change. 

19. Metallic Nitrites. — ^These salts are, for the most part, 
soluble crystallisable bodies, generally either colourless or 
yellow; they may be heated to a moderate temperature with- 
out change, but at a red heat they are decomposed with evolu- 
tion of nitrogen and oxygen, and formation of a metallic oxide. 
In solution they gradually become converted into nitrates, 
especially on heating, by absorption of oxygen. By long- 
continued boiling, solutions of the alkaline nitrites lose nitric 
oxide, and yield a nitrate and free alkali; thus in the case 
pf potassium nitrite — 

gKNOa + H,0 = KNOj + 2KH0 f 2NQ, 
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The nitrites may be prepared (1) by reducing the nitrates, 
either by ignition when they lose oxygen; or, as in the case 
of lead nitrite, by boiling the nitrate with the metal; (2) 
by the action of nitrogen tetroxide upon a hydrate-^ 

Ns04 + 2KH0 = KNOs + KNOj + HjO. 
On adding silver nitrate to the solution, the sparingly soluble 
silver nitrite is precipitated, from which the other nitrites 
may be obtaiaed by the action of the chlorides of the respec- 
tive metals. 

20. Metallic Nitrates. — A few nitrates are found native, 
being formed by the action of the nitric acid, produced by 
the oxidation of organic or atmospheric nitrogen, upon bases 
contained in the soil. Potassium nitrate occurs as an in- 
cmstation upon the soil in several parts of the world, parti- 
cularly in Lidia; and sodium nitrate is found in beds of 
considerable thickness in certain parts of South America. 
The 80-caIled saUpetre-rot, found upon the walls and floors 
of stables, cow-houses, and similar places, consists mainly of 
ealdum idtrate; this salt and xoa^esiuni nitrate are {re- 
quently mfet with in greater or less quantity in well-waters. 
Kitrates also occur in the juices of plants; these salts are in 
all probability absorbed from the soil, and are not produced 
by the vital action of the plant. 

The nitrates are, for the most part, readily soluble, neutral, 
crystalline salts; they fuse at comparatively low tempera- 
tcures^ and are decomposed by strong ignition. At moderate 
temperatures the nitrates of the alkalies and alkaline earths 
are mainly converted into nitrites, with evolution of oxygen; 
at still higher temperatures further decomposition ensues, 
oxygen^ nitrogen, and nitrogen peroxide are evolved, and 
a basic oxide is left. The trisnitrates of bismiith and alum- 
inium, which contain a large proportion of the acid-radicle, 
yield more or less nitric acid on heating, and form the tri- 
oxides of these metals. Silver nitrate yields metallic silver, 
but the nitrates of copper, mercury, lead, and, generally 
speaking, of those metals which form compounds with oxygen 
which are stable at moderately high temperatures, leave 
residues of the respective oxides. The ignition of the nitrate 
forms, indeed, in many caseS; one of the readiest methods of 
procuring the oxide, 
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21. Hetallie Fhosphides.— The greater number of the 
metals appear to unite with phosphorus, but comparatively 
little is known of the composition and properties of the 
combinations. The phosphides of the alkalies and alkaline 
earths may be formed by heating their oxides with the 
vapour of phosphorus, and many of the insoluble phos- 
phides may be produced by the action of hydrogen phos- 
phide upon solutions of the several metals. These bodies 
are very prone to change; they absorb oxygen when moist, 
and some of them, in contact with water, evolve hydrogen 
phosphide and form a hypophosphite. A crystalline phos- 
phide of iron, Fe^P, has been prepared by Sidot; it is 
strongly magnetic and very hard. Hvoslef has described 
a phosphide of the composition FegP, which, however, is not 
magnetic. 

22. Hypophosphites and Phosphites. — The hypophos- 

phites (M PHgOg, or M.^'P^'Rfi^) are soluble crystalline 
salts, permanent when dry, but Uable to oxidation in solu- 
tion on exposure to air. They frequently inflame on heating, 
owing to the evolution of spontaneously inflammable hydro- 
gen phosphide mixed with free hydrogen, and leave residues 
consisting of pyro- and meta-phosphates; thus with sodium 
hypophosphite — 

6NaPH50,= Na^PjOy + NaPOg + 2H8P + 2H,. 

Nickel and cobalt hypophosphites yield mixtures of meta- 
phosphates and phosphides, and the phosphoretted hydrogen 
which they evolve is not self-inflammable — 

3CoPsH404=2CoPsOe+CoP+H,P+H9. 

The hypophosphites are best obtained by double decom- 
position from the barium salt and the sulphates of the several 
metals. 

Barium hypophosphite, Ba P0H.O..H2O, is prepared by 
warming phosphorus with baryta water, removing the excess 
of baryta by a current of carbonic acid, and crystallising by 
evaporation — 

3Ba 11,0, + Pg + 6H,0 = 3BaPaH404 + 2PHj. 

The hypophosphites have been maialy studied by Bose, 
Wurtz, and Bammelsberg. The thallium, calcium, cadmium, 
and lead salts are anhydrous; the sodium, lithium^ barium, 
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rtrontiamy manganesei and uranium salts crystallise with one 
molecule, of water; the magnesium^ zinc, nickel, and cobalt 
salts with six molecules. 

The hypophosphites in solution act as reducing agents, 
and give a white precipitate with silver nitrate, which rapidly 
darkens from the separation of silver. 

The composition of the phosphites may be expressed under 
the generalformulsB MoPHOj, or M'THOg (neutral phosphites), 
and MHPHOs, or M'^HgPjjHgOg (acid phosphites). They are 
more stable than the hypophosphites, and are generally but 
sparingly soluble in water; they are decomposed on heating, 
yielding pyrophosphates (sometimes mixed with phosphites) 
and hydrogen, free from phosphoretted hydrogen. The soluble 
phosphites give white precipitates with calcium and barium 
chlorides; ^eir solutions, when moderately dilute, give no 
precipitate with magnesium chloride in presence of ammonia 
and ammoniiun chloride. 

23. Metallic Phosphates. — ^The general properties of the 
salts derived from the three modifications of phosphoric aoid 
have already been described (Vol. L, p. 375, et aeq.), 

21. Metallic Carbides and Silicides. — The most import- 
ant of these compounds are the silicides and carbides of 
iron; these bodies exert great influence in the preparation 
and on the properties of metallic iron. Certain varieties of 
'* speigeleisen " have been supposed to consist mainly of a 
tetra-carbide of iron; a mono-, tri-, and octo-cai'bide have been 
described, but the proof of the definite existence of these 
bodies is not satisfactory. 

25. Metallic Carbonates. — These salts cannot be readily 
formed by the direct union of carbon dioxide with a metallic 
oxide: thus, the dry gas has very little action upon perfectly 
dry lime. Moist carbon dioxide, i,e., cai'bonic acid, acts im- 
mediately upon many oxides, even when only sparingly soluble 
in water, and certain metals, e.g, zinc and iron, yield carbonates 
when in contact with aqueous solutions of carbonic acid. A 
few basic radicles, €,g, aluminium, chromium, appear to be 
incapable of existing in union with carbonic acid. Many 
cu'bonates occur native, and constitute valuable ores and 
minerals. The carbonates of potassium, sodium, rubidium, 
cassium, ammonium^ and thallium are readily soluble in 
10— n. Q 
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water; the lithium salt is but sparingly soluble, whilst the 
remaining carbonates are 'almost iDiK>luble in water: the 
presence of carbonic acid in the solvent increases their 
solubility. On heating, the greater number of the carbonates 
of the heavy metals are decomposed; carbon dioxide is 
evolved and an oxide is formed. The carbonates of the 
alkaline earths require a much higher temperature, and the 
progress and extent of the decomposition are intimately 
connected with the tension of the carbon dioxide in the 
atmosphere surrounding them. Calcium carbonate begins to 
decompose at about 500^, but the quantity of gas evolved is 
very small, imtil the temperature exceeds 800^; if the cai*- 
bon dioxide be prevented from escaping, the formation of gas 
proceeds slowly until its tension is equivalent to 85 mm. of 
mercury, when it stops, provided that the temperature 
remains constant: on raising the temperature to 1040^ more 
gas is evolved, imtil its tension is equal to 520 mm., when 
&e evolution again ceases. On removing the gas by means 
of a pump, a fresh quantity is evolved until the tension 
again reaches 520 mm. As the temperature is reduced, the 
carbon dioxide is slowly absorbed, the extent of the absorp- 
tion varying with the diminution of heat. The state of 
equilibrium at any given temperature is attained when as 
many molecules of carbon dioxide combine with the lime as 
are expelled by the heat in the same time. If the carbon 
dioxide be removed as fast as it is liberated, so as to prevent 
its recombination with the lime, the calcium carbonate will 
be completely decomposed in time, even at a comparatively 
low temperature. The diminution of the tension of the car- 
bon dioxide may be effected by diluting it with an indifferent 
gas, such as air, or hydrogen, or steam. Hence, by passing 
a current of such gas over the ignited carbonate, its decom- 
position is greatly facilitated. 

The carbonates are decomposed by nearly all acids, with 
evolution of carbon dioxide; but silicic, boric, and a few of 
the acid-forming metallic oxides effect the decomposition only 
at a high temperature. ' 

26. Hetallio Silicates.— The greater portion of the earth's 
crust is composed of the silicates of aluminium, calcium, iron, 
magnesium^ manganese, potassium, and sodium, existing to 
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some extent as simple salts, but mainly as conjugated or 
double silicates. Comparatively few of the metals are found 
to form definite compounds witL silica; this is especially true 
of the so-called heavy metals; certain of the simple silicates, 
and a few of the conjugated silicates, can be readily obtained 
artificially; indeed, some of them, as those of the alkalies, 
are only known as laboratory products. The naturally- 
oocarring simple silicates may be included within the follow- 
ing limits of basic oxide and silica : — 

or 4M J ^ M j * 

2M203.SiOa and MaOs.GSiOj. 

All silicates, with the exception of those of the alkalies, are 
insoluble in water; many of them are decomposed by nitric, 
hydrochloric, and sulphuric acids, with separation of pul- 
verulent or gelatinous silica. They are all attacked by 
hydrofluoric acid, or ammonium fluoride, or by a mixture of 
fluor-spar and sulphuric acid, with formation of silicon 
fluoride. Fusion with alkaline carbonates or with micro- 
oosmic salt effects the decomposition of the insoluble silicates; 
in the former case an alkaline silicate is formed; in the 
latter the silica is set free^ and floats in the fluid mass. 



CHAPTER V. 
GROUP I— MONAD METALS. 

LrmiuM. 

Sodium. Silver. 

Potassium. 

bubidium. 

CiESIUM. TSALUUM. 

[Ammonium]. 

The metals of this group replace hydrogen in hydrochloric 
add atom for atom, to form neutral chlorides of the general 
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formala M'Cl., and of an atomic heat 12*6. The metals of 
the alkalies, lithium, sodium, potassium, rubidium, and 
caesium, are soft, readily fusible, volatile bodies; they are 
easily oxidised on exposure to air, and decompose water at 
ordinary temperatures, with liberation of hydrogen and forma- 
tion of hydroxides. They form soluble chlorides, sulphides, 
sulphates, carbonates, and silicates. Their atomic weights 
exhibit certain remarkable numerical relations : thus, the 
atomic weight of sodium is the arithmetic mean of the atomic 

7+39 
weights of lithium and potassium : — g" =23; and the atomic 

weight of rubidium is very nearly equal to the arithmetic mean 

of the atomic weights of potassium and caesium: — g — = ^^« 

From the general similarity of the ammoniacal salts to 
those of the alkaline metals, it is convenient to study them 
in connection with this sub-group. 

Silver forms an insoluble chloride, sulphide, phosphate, 
and carbonate; its oxide is very sparingly soluble in water. 
In its general characters and relations silver resembles 
sodium more than any other metal of the group of the 
alkalies. 

In certain of its compounds thallium behaves as a triad : 
thus it forms a trichloride, TICI3, and a tri-sulphate Tl2(S04)3; 
on the other hand it is related to potassium and ammonium 
by the sparing solubility of the thallous platino-chloride and 
acid-tartrate. Moreover, a number of thallium, potassium, 
and ammonium salts have identical specific volumes; thus. 





Spec. ToL 




Spec. voL 


KNO, - - 


- 47-9 


TlNOg - - 


- 47-9 


KClOj - 


- 52-5 


TiaOj - 


- 62-2 


K,C03 . - 


• 65G 


Tl^COa - - 


- 65-2 


Ama 


- 34-8 


TlOl - 


- 34-2 


AmHjP04 - 


- 65 


T1H,P04 - 


- 63-7 


AmjSO. 
AmHCAH-O 


- 74-9 

- 801 


TI.SO4 

TlHCA.HjO 

TIHC4H40e 


- 75-5 

- 78-0 


AmHC4H40e 


- 99-4 


- 1007 



These salts are isomorphous as well ajs isometric. 
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2^. liitllium-~Symbol LL ; atomic weight 7. — ^Lithium 
monoxide was discovered in 1817 by Arfvedson, in a naturally 
occurring silicate of aluminiimi and lithium, termed petaUte, 
It is a very widely-diflfiised element, being found in many 
micas, in felspar, in the ashes of many plants, and in sea- 
water; it has also been detected in certain meteorites. The 
metal may be obtained by the electrolysis of the fused 
chloride. It has the colour and lustre of silver, it is soft and 
weldiable, melts at 180°, and has a specific gravity of 0-58. 
It is the lightest solid known, being lighter even than any 
known liquid. When strongly heated, it bums with a white 
flame, forming the monoxide, and it is oxidised by water, 
without inflammation of the evolved hydrogen, foiming 
lithium hydroxide, LiHO. This substance resembles the 
corresponding potassium and sodium compounds in its action 
on vegetable colours, and in its caustic taste. It is, how- 
ever, less soluble in water than these compounds, and may 
be obtained in well-developed prisms by evaporation. 

28. Lithium Chloride, LiCl, resembles common salt in ap- 
pearance ; it is, however, more deliquescent, is readily soluble in 
alcohol, and is partially decomposed on heating; it crystallises 
in cubes and in octahedrons^ and may be obtained combined 
with two molecules of water by evaporation at a low tempera- 
ture. It is found in many mineral springs : the Wheal Clifford 
spring in Cornwall forms, in fact, one of the most abundant 
sources pf the element. 

29. Lithium Sulphate, LigSO^.H^O, is obtained by the 
action of sulphuric acid on the chloride or the carbonate; it 
is a readily-soluble neutral salt, crystallising in prisms. It 
appears not to form an alum with aluminium sulphate. The 
carbonate, lA^CO^, and phosphate, LigPO^, are sparingly 
soluble salts. The former may be obtained by adding am- 
monium carbonate to lithium chloride. It fuses at a red 
heat, and is partially decomposed. The phosphate is formed 
by adding a mixture of sodium phosphate and caustic soda 
to a soluble salt of lithium; it is almost insoluble in alkaline 
solutions, and is the form in which lithium is usually esti- 
mated quantitatively. 

Lithium may be readily detected by the crimson colour 
which its salts impart to flame; on examining this light by 
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means of the spectroscope, it is found to give a red band, lia, 
between the Fraunhofer lines B and C, and an orange band, 
Li/3, between C and D. 



80. Sodium— Symbol Ka; atomic weight 23*0. — In a state 
of combination sodiimi is one of the most abomdant of the 
elements. Combined with chlorine,^ it is found as rock-salt, 
forming extensive deposits in many parts of the world : the 
chloride is also found largely in sea-water, and, to a greater or 
less extent, in nearly all spring-waters. The sulphate, nitrate, 
borate, and carbonate, also occur naturally, and the silicate 
enters into the composition of many rocks and minerals. 
Salts of sodiimi exist in nearly all organisms, vegetable and 
animal; and spectral analysis shows that this element is 
present in the atmospheres of the sun and fixed stars. 

Sodium was first obtained by Davy by the electrolysis 
of the hydrate, and Gay-Lussac and Themurd showed that 
the metal might be obtained by the decomposition of the 
hydroxide exactly as in the case of potassium (q.v.). Sodium 
is now obtained on the large scale by heating the carbonate 
with charcoal and chalk in iron retorts or cylinders, as in the 
preparation of potassium. The process is much easier of 
execution, and yields a larger amount of metal than in the 
case of potassium, owing to the non-formation of secondary 
products. 

Sodium has a specific gravity of 0*972 ; it may be readily 
cut with a knife at ordinary temperatures, but becomes hard 
and brittle when exposed to great cold. It melts at 97 '6"; 
and may be volatilised; its vapour is dark blue. When 
exposed to the air it rapidly oxidises, and when strongly 
heated, it inflames and bums with a bright yellow light. 
It decomposes water with great rapidity, but the tempera- 
ture of the decomposition is not usually sufficiently high to 
ignite the hydrogen. If, however, the water be heated, or 
^ some mucilaginous substance be added to it, the hydrogen 
takes fire and bums with a yellow fiame, from the presence 
of a trace of volatilised metal in the gas. The action of the 
metal on water may be thus represented — 

Na+HaO=NaHO+H. 
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Sckiium absorbs hydrogen when melted, to form a hydride 
of the composition NagHL It is a silver-white body, of specific 
gravity 0*959, softer than the corresponding potassium com- 
pound, and less alterable in air. Sodium unites with oxygen 
in two proportions to form a monoxide, NagO, and a dioxide, 
KagOg. The monoxide is a grey fusible powder, formed by 
heating the metal in dry oxygen or with the hydrate. The 
dioxide is obtained by the prolonged action of oxygen upon 
the monoxide. It is a white fiiable mass temporarily chang- 
ing to yellow when heated; it dissolves in cold water without 
change, and the solution yields crystals of the composition 
IN'agOg.SHgO; with carbon monoxide it forms sodium car- 
bonaiie; with nitric oxide, sodium nitrite; and with iodine, an 
oxyiodide, NagloO or NaI.NaIO. 

81. Sodium Hydrate, or caustic soda, NaHO, may be 
obtained by the action of the metal upon water ; in this way 
a very pure product may be prepared. It may also be made 
by decomposing moderately dilute solutions of the carbonate 
by milk of lime, and concentrating the clear caustic liquid in 
iron or silver vessels until it solidifies on cooling. 

On the large scale the solution obtained by lixiviating 
"black ash," (see p. 110) is diluted to a specific gravity of 
about 1*1, and is mixed with burnt lime, in the proportion 
of about 15 cwt. of lime to a ton of caustic soda. Steam is 
blown through the mixture, when the following change 

occurs: 

NaaCOj + CaHjO, = 2NaH0 + CaCOs. 

The liquid is allowed to stand until clear, when it is run 
off from the sediment of calcium carbonate, and boiled down 
in shallow iron pans; undecomposed sodium salts (chloride, 
sulphate, carbonate, etc.) separate out and are removed by per- 
forated ladles, and worked up again with fresh " salt-cake " in 
the "black ash" process, together with the sediment of calcium 
carbonate. When suiOSciently concentrated, the strongly 
caustic liquor is heated in cast-iron pots until it becomes viscid. 
It is whitened by blowing air into it, or by the addition of 
sodium nitrate which decomposes the sulphides, cyanides, 
etc, by which it is coloured. The nitrate is decomposed with 
effervescence, and a quantity of graphite rises to the surface 
and is skimmed off. The melted mass is run into drums in 
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which it solidifies. Ck)mmercial caustic soda is never chemi- 
cally pure; in addition to more or less water, it contains 
Yar3ring amounts of silica, alumina, chlorides, sulphates, etc. 
It is liu'gely used in the manufacture of soap and water-glass, 
in paper and starch making, in the refining of paraffin oils, etc. 

Soda is less deliquescent than potash; it rapidly absorbs 
carbon dioxide from the air, and acquires a coating of the 
carbonate. It fuses below a red heat, and may be volatilised 
unchanged. It dissolves in water with great rise of tempera- 
ture; a concentrated solution has a specific gravity of 1*5. 
A solution of specific gravity 1*385 when cooled, deposits 
colourless monoclinic (rhombic: Hermes) crystals melting at 
6^, and of the composition 2NaH0.7n20. Advantage might 
be taken of the separation of these crystals at low tempera- 
tures to purify sodium hydrate. 

82. Sodium Chloride, or common salt, NaOl, has been 
known in all ages. Immense deposits of it occur in various 
parts of the world. The Cheshire beds are the principal 
sources of salt in this country; they were discovered towards 
the end of the 17th century, although the brine springs, 
which are also abundant in that district, have been worked 
from very early times. The largest salt mines in the world 
are at Wieliczka, in Galicia, and belong to the Austrian 
Government. At Cordova, in Spain, rock-salt is obtained by 
quanying into a hill of the mineraL Large quantities of salt 
ai'e obtained also from the steppes of Kussia, and from the 
wastes of Persia, on the soil of which it occurs as an efflor- 
escence. 

In this country table-salt is chiefly obtained by the evapor- 
ation of brine springs in large shallow pans made of boiler- 
plate; if the evaporation is conducted rapidly, a fine-grained 
salt is formed : if conducted slowly, the large-grained flaky 
product used for salting fish, etc., is obtained. 

In Germany, where the springs are usually much more 
dilute than those worked in this country, the evaporation is 
in part conducted by the action of the wind. The water of 
the spring is allowed to trickle over a stack of faggots or 
twigs freely exposed to the air (fig. 105). After having 
passed over the brushwood several times, the solution is su& 
ficiently concentrated to be boiled down in pans. 
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CoDcdderable quantities of salt are obtained on the coasta 
ot Spain, Portugal, and France by the concentration of sea- 
irater in shallow pits or troughs ranged along the shore. 
The sesrwater is ^owed to flow into a reservoir, where it 
deposits any suspended matter; afterwards it is run into 
snuller basuis, where it is allowed to stand until the aolt is 
crystallised out. 




In Northern Buesia and in Sibena, sea^vater is concen- 
^ted by freezing the ice which separates out containing 
only a relatively small proportion of salfnjrystals , the resi- 
dotU brine on being boiled down yields common salt, frequently 
mixed, however, with considerable quantities of sodium 
mlpbate and other Balt«. 
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Sodium chloride nsnally crystallises in colourless tran- 
sparent anhydrous cubes, frequently grouped together in the 

curious manner seen in fig. 106; occasion- 
ally it is obtained in octahedrons and in 
other forms belonging to the regular 
system. When strongly cooled, its 
solution yields monoclinic crystals of 
the composition NaC1.2H20; at ordinary 
Fig. 106. temperatures the crystals part with their 

water and break up into minute cubes. Sodium chloride 
is soluble in about three parts of cold water; its solubility 
increases very slightly with rise of temperature. On the 
addition of hydrochloric acid to its solution, it is precipitated. 
It is almost insoluble in strong alcohol. When suddenly 
heated, salt decrepitates, owing to the forcible expidsion of 
mechanically retained water : it fuses at 776°, and at a still 
higher temperature volatilises. 

Salt is extensively used in the arts. It is the chief source 
of sodiiun compounds, and is used for glazing earthenware, 
and to some extent as a manure. It is an essential consti- 
tuent of the food of man and of other animals. It is calcu- 
lated that the annual consumption of salt as a condiment in 
this coimtry amounts to about 20 lbs. for each person. So- 
dium bromide, iodide, and sulphide are analogous to the 
corresponding potassium salts {q>v,), 

33. Monosodinm Hydrogen Sulphite, NaHSOg, may be 
obtained crystallised by saturating a solution of sodium car- 
bonate with sulphurous acid. On adding as much soda to 
the liquid as it 'already contains, the disodium salt, NagSOg, 
is obtained. By evaporation it may be obtained in mono- 
clinic crystals containing seven molecules of water. 

34. Disodium Sulphate, NagSO^, was discovered by 
Glauber in 1658; hence its common name of "Glauber's 
salts." It is found native, as the mineral ThenardUe, in 
Peru and in various parts of Spain. In union with calcium 
sulphate, it foi-ms Glauberite, a mineral found in Spain and 
Austria. Di-sodium sulphate usually crystallises with 10 
molecules of water in monoclinic prisms, which rapidly 
effloresce on exposure to air : they melt at 35®, and become 
completely dehydrated at 100° : the anhydrous salt melts 
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at 865^ A heptahydrated salt is known which crystallises 
in rhombic prisms. Disodium sulphate is most soluble in 
water at 34°. The maximum degree of solubility at this 
point is due to the fact that the salt dissolves as NagSO^. 
lOHgO, the solubility of which increases with the tempera- 
ture : beyond 34° it is changed into the anhydrous salt, the 
Bolubility of wWch gradually diminishes with the rise of 
temperatura 

^ If a hot concentrated solution of the salt be allowed to 
cool slowly in a corked flask, it may be kept liquid for many 
weeks, bnt on touching it .^th a glass A or on throwing 
a fragment of the salt into it, it rapidly crystallises with 
the evolution of considerable heat (see Vol. I., p. 110). 

Disodium sidphate dissolves in hydrochloric acid with 
loss of heat: the solution affords a convenient freezing 
mixture. 

86. Monosodinm Hydrogen Sulphate, NaHS04, is 

formed by the action, at moderate temperatures, of sulphuric 
acid upon common salt. It may also be obtained in trans- 
parent triclinic crystals by dissolving the preceding salt in 
dilute sidphuric acid. If strong sulphuric acid be poured 
over the dehydrated disodium salt, and the mass be heated, 
the anhydro sulphate, NagS^O^, is formed; it fuses at a red 
heat, evolves sulphur trioxide, and is converted into the di- 
sodium sulphate. 

86. Sodium Nitrate, Ohili Saltpetre, Cubic Nitre, 
NaNOg, is found native in regular beds in the districts of 
Atacama, in Bolivia, and Tarapaca in Peru. It is used in 
this country as a manure, and for the manufacture of nitric 
acid and potassium nitrate. As it is slightly deliquescent, 
it cannot well be substituted for nitre in gunpowder. It 
crystallises in rhombohedrons, which are so obtuse as to give 
the crystals the appearance of cubes. It melts at 330°. It 
requires rather more than its own weight of water for solu- 
tion : on dissolving it produces a considerable degree of cold. 
A solution saturated at 0** may be cooled to - 15-7*^ before 
crystallizalion occurs; at this temperature laminated plates 
are formed, consisting of NaNO».7H20. 

87. Sodium Phosphates. — ^l^e most important of these 
salta is the disoiUum hydrogen phosphate or disodium 
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orthophospliate, Na^HFO^, which is prepared by the addition 
of sodium carbonate to the solution of acid calcium phos- 
phate obtained by treating bone-ash with sulphuric acid 
(Vol. I., p. 362). lie solution is concentrated until the sodium 
phosphate commences to separate out and the crystals are puri- 
fied by successive crystallizations. The crystals have usually 
the composition NaoHPO^. 1 2H2O, but by maintaining the 
solution at about' 35 , the salt is obtained with only seven 
molecules of water. The 12-hydrated salt melts in its water 
of crystallization at 35° : it effloresces when exposed to air, 
and is converted into the 7-hydrated salt The salt contain- 
ing 12 molecules of water dissolves in about four parts of cold 
water : the solution has an alkaline reaction and a bitter taste. 
By the addition of caustic soda to the liquid, trisodium ortho- 
phosphate, NagPO^. 1 2H2O, is formed crystallising in six-sided 
prisms. Its solution is strongly alkaline, and absorbs carbon 
dioxide, by which it is decomposed. By adding phosphoric 
acid to a solution of the ordinary phosphate, the monosodilini 
di-hydrogen phosphate, NaHgPO^.HgO, is formed. This 
salt may indeed be formed by the prolonged action of carbon 
dioxide upon a dilute solution of the ordinary phosphate. Its 
solution is strongly acid. On igniting the salt it is converted 
into sodium metaphosphate, NaPOg, which fuses at a low red 
heat and solidifies to a glassy substance, highly deliquescent 
and readily soluble in water. 

88. Sodium Ammonium Hydrogen Phosphate or Micro- 
cosmic Salt, Na(NH4)HP04.4H20, is formed in putrid urine, 
and occurs in guano. It may be obtained artificially by dis- 
solving six parts of the ordinary sodium phosphate in two 
parts of boiling water, and adding one part of ammonium 
chloride : common salt is precipitated, and microcosmic salt 
remains in solution — 

Na^HPO^ + NH4CI = Na(NH4)HP04 + NaG. 

On concentration it is deposited in monoclinic prisms. When 
heated, it loses water, hydrogen, and ammonia, and is con- 
verted into sodium metaphosphate; this salt constitutes a 
valuable flux in blowpipe operations. 

89. Sodium Pyrophosphate, Na.PgOy.lOHgOj'is obtained 
by igniting ordinary sodium phosphate, dissolving the mass 
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in intter, and amcentratiiig the liquid when the salt crystal- 
liaes out in monooUnlc prismB. Oa boiling its Bolution with 
a dilute acid, it is reconverted into the ordinary sodium 
pho^hate. 

40. Bisodiam Carbonate, Na,COj, is occasionally found 
native as an efflorescence on the Boil; it ezista in the eoda 
lakes of Hungary, Egypt, and America, and in the water of the 
Oeysers in Iceland. It is frequently met with on the tmrface 
of walls, bemg produced from the eodiiun ualte contained in 
the plaster or mortar The sodium carbonate of commerce 
was formerly entirely extracted from sea-weeds and from 
plants growing near the sea^shore The dried plants were 
bamed,aud their ashes lixiviated, and the solution evaporated 
to dryneBs, The sodium carbonate thus obtained came into 
oommeroe under the name of barilla, it is etill made to a 
nnall extent on the Spanish coasts. By &r the greater por- 
tion of sodium carbonate which is now used in the arts is 
made from common salt by a process which is usually stated 
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to have been invented by Iieblanc It consists in convert- 
ing common salt into sodium sulphate by the action of 
solphanc fund, and roasting the sulphate with gronnd coal 
and chalk, or limestone The common salt is placed in the 
uon pan (hg. 107), and the requisito quantity of sutphuiic 
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add (chamber vitriol) is run in npon it. HydrooHorio acid 

escapes, and sodium hydrogen sulphate la formed — 

NaCl + HjSO. - NftHSOj + HCL 

The maBS of undecomposed salt aad aoid sulphate is then 

raked on to the hearths of the fumacea at the aide of the 

pan, where the mixture is more Btroagly heated, and the 

decomposition is completed in accordance with the equatic^ — 

N«a+lf ftHS04= Na,S04+ HCL 

The sodium sulphate, techuioallj known as salt-cake, is 

roughly powdered, mixed with ground cool and limestone, - 

end the misture is heated to fusion oa the hearth of a rever- 

beratory furnace (fig. 108), when the following decompodtion 

ensues : — 

Na,SO^+CaC03+4C^Na,COa+CaS+4CO. 




Fig.lOS. 
The fused mixture is raked into iron barrows, vhere it 
solidifies, forming what is known as black ash. When cold, 
the mass is broken up, thrown into tanks, and treated with 
tepid water. The sodium carbonate dissolves, and the cal- 
cium sulphide, in union with the salts of lime, t^^ther with 
a certain amount of combined soda (the quantity of which 
increases with the proportion of lime), remains nndiwolvied. 
The tank-liquor evaporated to dryness, yields toda-taU, 
which, when calcined, forms the sodtyaiA of commerce. Sodk- 
ash usually contains about half its weight of Na^O, ( 
mainly as carbonate ; it generally contains more or 1 



SODIUM CABBONATE. Ill 

hydrate, thiosulphate and cyanide, together with sulphate 
and chloride arising from imperfect decomposition. The 
sulphur indirectly employed to convert common salt into 
sodium carbonate remains almost entirely in the insoluble 
sediment known as vat- or aoda-waate. Various processes 
have been proposed for its recovery; of these the most suc- 
cessful consists in blowing air through the mass of the waste 
for 12 or 15 hours, heating it with water, and mixing the 
solution with hydrochloric acid, and heating to about 60*' 
with constant agitation, until the liquid smells of sulphur 
dioxide. Sulphur separates out, and collects upon the bottom 
of the decomposing vat. Calcium sulphydrate and bisulphide 
are first formed by the oxidising action of the air, and are 
afterwards converted into calcium thiosulphate, a portion of 
which is changed into calcium sulphydrate and insoluble 
calcium sulphite. On the addition of hydrochloric acid, cal- 
cium trithionate and small quantities of pentathionate are 
formed, together with sulphur and calcium chloride — 

5GaS,0, + GHCl = SCaClg + 2CaS30g + 4S + SHaO. 

On heating, the trithionate is decomposed into calcium 
sulphate, sulphur, and sulphur dioxide; the dioxide reacts 
upon a second portion of the thiosulphate, forming calcium 
trithionate and sulphur — 

2CaS,0, + SSOa = 2CaS30g + S . 

Yazious modifications of the original plan of Leblanc have 
been proposed with more or less success : thus it is found 
that ihe salt-cake may be obtained by treating the common 
salt, heated to low redness, with a mixture of air, sulphur 
dioaddg (obtained direct from the pyrites burners), and siteaiu. 
The use of sulphuric acid is thus obviated. 

Sodium carbonate may also be obtained by passing aiK- 
monia and carbon dioxide gas into a solution of common 
salt; ammonium chloride and acid sodium carbonate are thus 

obtained: 

NaCa + NHj + CO, + HaO = NaHCOa + NH4CL 

The add carbonate is converted into the normal salt by 
heating, and the ammonia is recovered from the solution by 
the adcUtion of lime. 

Dij sodium carbonate dissolves in water with evolution of 
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heat, and the solution, which has an alkaline reaction and 
taste, yields crystals, the degree of hydration of which depends 
on the temperature of ctyetallization. The soda-crystaU or 
washing-soda of commerce coaaluts of the decobydrated salt 
Na2CO3.10HjO : the crystals belong to the monoclinic system 
(fig. 1U9). They gradually effloresce on exposare to dry 
I air, forming a white powder containing five 
molecules of water; in a vaeuum the salt 




ultimately acquires the composition Na^CO^ 
I HjO, The mono- and deoa-hydrate are ftrtina 
native, and are known respectively as 
thermonatriie and natron. Hydrates con- 
taining ] 5, 9, 8, 7, and 6 molecules of water 
have also been obtained. The salt containing 
I 7 molecules of water appears to be dimor- 
phous. The 10-hydrated salt requires about 
Fig. 109. 7 parts of water for solution at 10°, and 
about 2 parts at 38°, at which temperature it is most soluble. 
The anhydrous salt fuses at 818°, and is perfectly unchanged 
when melted in dry air, 

4L MonoBodiam Carbonate, or Soditim Ujingea Oar- 
honate, NaHCOg, the bicarbonate of soda oi cotamerce, ia pre- 
pared on the large scale by exposing soda crystals to a stream 
of carbon dioude. It is thus obtained as a crystalline 
powder, which, on solution, yields monoclinic crystals of 
considerable size. The solution, on boiling, evolves carbon 
dioxide, and is slowly converted into the normal salt. On 
heating the dry salt to a low red heat it also forma the di- 
Bodium carbonate. 

42. A TetraBodinm Carbonate, or Sodium Sesqoioar- 
honate, Na^HjCjOj.2H„0, is found native in Afiioa, in 
monoclinic crystals, and is known as trona; it may be 
regarded as a combination of the mono- and di-sodium caiv 
bonates, aNaHCOg + NajCOj. 

On mixing solutions of the normal potassium and sodium 
carbonates together, in equivalent proportions, monoclinic 
crystals of the composition KNaC0g.6HgO are obtained. 
This so-called double salt has a lower fusing point than 
either of its constituents. 

43. Sodiua Silicates.— The simple alkaline sUicatea are 
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remarkable as being the only soluble silicates known; tbey 
are not found in nature, except, possibly, in solution in 
certain mineral waters. They occur in union with other 
silicates, notably those of ferrio oxide and alumina, as in 
fds/poff and in the micas; comparatively few combinations 
of alkaline silicates with silicates of protoxides have been 

IT 

discovered; one of the best known is pectolite, j^ -rrp \ 0^. 

The sodium silicates derive their chief importance from their 
use as cements, and for hardening and preserving stone, aud 
in mural painting. Water-glass, as the product is termed, 
is prepared by fusing sodium carbonate with twice its weight 
of quartz, and a small quantity of charcoal which is added 
to fsicilitate the decomposition of the carbonate, and to re- 
duce any sidphates which may be present. Indeed, by the 
use of larger quantities of charcoal, water-glass may be pre- 
pared directly from the sulphate, the proportions being 5 
parts of quartz, 3 pai*ts of sodium sulphate, and 1 part of 
charcoal. The fused mass is pulverised and treated with 
boiling water, and the solution concentrated. Sodium silicate 
may also be obtained by heating powdered flints or sand 
wi^ solution of caustic soda under a pressure of about four 
or five atmospheres. The product, in all cases, is an indefinite 
mixture of various silicates. The dried substance resembles 
glass in appearance; it is slowly soluble in hot water, the 
rate and extent of solution increasing with the proportion of 
alkali to silica. On adding alcohol to the concentrated 
golution, a salt of the composition 2Na2O.9SiO2.H2O is ob- 
tained. Solutions of alkaline silicates are decomposed by 
all acids; on exposure to air the liquid becomes covered with 
a pellicle of silica, due fco the action of carbonic acid. A very 
dilute solution, however, is not rendered turbid by the 
addition of hyrochloric acid, since the silica remains dissolved 
(see p. 262, Vol. I.). 

The use of sodium silicate in preserving and hardening 
stone depends partly upon the gradual liberation of insoluble 
silica by the action of atmospheric carbonic acid, and partly 
upon the formation of insoluble double silicates of lime and 
magnesia. In painting, the solution of water-glass is mixed 
10—11. H 
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with the colours previously ground with water, and the 
mixture is applied in the ordinary manner; the addition of 
a solution of ^umina in potash (so-called alnminate of potash) 
to the water-glass prevents, in a great measure, the efflor- 
escence, due to sodium carbonate, which is apt to form on 
the painted surfsu^. Water-glass has been applied to 
<^^Tn^ni«h the combustibility of wood, as a detergent in wool- 
cleansing, and as a dung-substitute in dyeing csdico. 

Sodiimi compounds may be detected by the yellow colour 
which they impart to the non-luminous flame of the Bunsen 
lamp. In the spectroscope this light affords a yellow line 
coincident with the Fraunhofer line D. Meta-antimoniate 
of potassium, KgSbgO^TBLjO, gives, with moderately con- 
centrated solutions of sodium compounds, a white flocculent 
precipitate, which becomes crystalline on standing. 



44. Potassium — Symbol K; atomic weight, 39-1. — 
Potash was distinguished from soda by Dnhamel in 1736, 
and, more completely, by Maiggraf in 1758. Its compounds 
are very widely distributed in nature. In combination with 
silica, it is foimd in felspar and mica; as the nitrate, it oc- 
curs in the soils of many tropical countries, and the sulphate 
and chloride are found in certain saline deposits. Sea-water 
also contains potassium salts. Potash, combined with organic 
acids, occurs as an essential constituent of the inorganic por- 
tions of many plants and trees, and of many organs and juices 
of animal organisms. 

A large portion of the potash which is found in commerce 
is obtained from the ashes of forest trees. In North Americay 
Kussia, Norway and Sweden, and in other coimtries where 
large forests t)ccur, the trees are burnt in pits or in piles, 
and the ash which remains is lixiviated with water; the 
solution, evaporated to dryness in flat iron or copper pans, 
yields crude " pot-ashes," consisting chiefly of potasisium car- 
bonate, sulphate, and chloride, together with empyreumatic 
substances and moisture. By calcining the crude potashes, 
the moisture and empyreumatic matter are expelled, and the 
ash becomes white, and the product is now known as ''pear|- 
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ash." In order still further to purify it, the calcined product is 
dissolved in water, the solution is concentrated, and the more 
insoluble salts allowed to crystallise out; the still liquid por- 
tion evaporated to dryness, yields " refined pearl-ash." 
, Considerable quaTties' ^f potash are 'obtained by the 
incineration of marine plants. The method of treating the 
« kelp," or ash of sea-weeds, for the potassium salts which it 
contains has already been described in VoL I., p. 285. 

Potassium chloride is procured from a large deposit of 
a double chloride of magnesium and potassium, termed car- 
TuxMte, found in the salt beds of Stassfurth in Prussia. This 
double salt, which has the composition KCLMgClg.GHgO, 
is decomposed by treatment with water: on concentrating 
the solution, a large proportion of the potassium chloride 
separates out, the more soluble magnesium chloride remaining 
in solution. The solution containing the remainder of the 
potassium chloride, on a further evaporation, again yields 
crystals of camallite, which are again treated with water to 
effect a further separation of the two chlorides. 

Similar deposits of potassium salts have been discovered in 
East Gralicia, chiefly as syhine (potassium chloride) and kainite 
(a mixture of magnesium sulphate and chloride with potassium 
sulphate). 

Potash salts are also obtained from residues procured in 
the manufacture of beetroot sugar: the uncrystallisable sac- 
chai;jne liquors or molasses are diluted and allowed to fer- 
menty and the alcohol thus obtained is separated by distillation. 
The residue is neutralised with chalk and allowed to settle, 
the clear solution is evaporated to dryness, and the saline mass 
calcined. 

The sweat of animals feeding on grass contains potash in 
union with a nitrogenous acid. The potassium svdorate, as 
this compound is termed, is found in raw wool to the extent 
of about 14 per cent., and may be extracted by simply wash- 
ing with water. The solution is evaporated to dryness, and 
the residue calcined; on treatment with water, the potassium 
salts are obtained in solution nearly pure. 

Potassium was first obtained by Sir H. Davy in 1807, by the 
electrolytic decomposition of the hydrate. A piece of caustic 
potash placed on a plate of platinum connected with the 
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posiUve polo of a powerful galvanic battery, was allowed to 
deliquesce, so aa to increase its conductivity; it was then 
toadied -with a platinum wire connected with the negative 
pole of the battery, when it rapidly liquefied and waa decom- 
posed; the globules of metallic potassium formed were quickly 
removed and immersed in petroleum to prevent oxidation. 

Shortly after its discovery by Davy, Oay-Lussac and 
Thcnard showed that the metal might be obtained more 
readily by passing fused potassium hydrate over iron borings 
heated to whiteness ; the iron became oxidised at the expense 
of the hydrate, and hydrogen and potassium were liberated. 
By passing the vapours through a. cooled receiver d (fig. 110) 
containing rock oil, the potassium was condensed. 




Pig. 110. 
Potassium is now obtained by decomposing the carbonate 
by means of charcoal at a full red heat Fig. Ill represents 
the apparatus usually employed. The cylindrical iron vessel 
is filled with a mixture of potassium carbonate and charcoal, 
obtained by igniting crude tartar. It is heated to a low red- 
ness, and when the vapour of potassium begins to appear at 
the mouth of the tube, the receiver (seen in section in fig. 112) 
is adapted to it The receiver is made of this flattened 
fcirin in order to facilitate the condensation and cooling of the 
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meta], and thus to obviate the formatioii of a dangeronsly 
explodve combioatioa of potaseium and carboa monoxide, 
Tba reaction ma^ be thus represented : 

K,C0,+C,=K,+3C0. 
althoDgK rarely 'as mndi as half tbe theoretical yield of 
potaaaiiim la obttuned. 




Kg 111 Kg. 112. 

Fotassmm is a 'white metal with a slight tinge of pink 
{comp p 80) It instantly tarnishes on exposure to air, and 
itB charact«ngtic lustre can only be preserved by keeping it in a 
sealed tube firee from oxygen or beneath tbe Bur&ce of naphtha. 
It may be obtained crystailiBed, by melting it in an atmosphere 
of ooal-gas, leaving it to solidify partially, and pouring away 
the still liquid portion. In tbe solidilied portion are seen 
snmeroos quadratic octahedrons. Its specific gravity is 
0'866; hence, when thrown upon water, it swims upon its 
BDT&ce. The water, however, is instantly decomposed, hydro- 
gen being rapidly disengaged : the heat evolved is sufficient 
to inflame the gas, which biims iritb a violet flame from the 
volatilization of a portion of tbe potassium. At low tempera- 
toTw, potassium is brittle and crystalline, but when gently 
heated it becomes soft, so that two freshly-cut pieces may be 
mlded together : it melts at 62°, and volatilises at a red heat^ 
yielding a green vapour. It unites with sulphur, selenium, 
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phosphorus, and the halogens, with incandescence. Ammonia 
gas rapidly acts upon potassium, forming an olive green 
crystalline powder, termed monopotassamtde, of the compo- 
sition KHgN*. When heated out of contact with air, it 
evolves ammonia, and is converted into tripotassamide, a 
dark green substance, having the formula KgN. Potassium 
coilibines readily with many metals, but the alloys are of no 
practical importance. The combination with sodium is liquid 
at ordinary temperatures, and bears a striking resemblance 
to mercury. 

45. Potassium Hydride. — Melted potassium, at a tem-^ 
perature of 400°, absorbs hydrogen, and is converted into a- 
lustrous, brittle, crystalline body, resembling silver amalgam. 
Its composition is KgH. It may be melted in hydrogen or in 
a vacuum without alteration, but on exposure to air it ignites. 
At a high temperature the hydride is decomposed, and by 
removing the gas as it is liberated, the whole of the hydrogen 
mav be rapidly extracted from the metal. 

46. Potassium Oxides. — ^Three oxides of potassium aro 
stated to exist, the monozide KgO, the dioxide KgOo, and 
the tetroxide KgO^. The monoxide is a white, highly de- 
liquescent, fusible powder, obtained by exposing the metal to 
diy oxygen, or by heating the hydrate with potassium. 

2KHO+Ka=2K20+H8. 

The tetroxide is a yellow powder, formed by heating 
the metal, first in dry air, and then in oxygen gas. When 
strongly heated in nitrogen in contact with silver, it parts 
with oxygen, and is converted into the monoxide. By treat- 
ment with water it is decomposed with loss of oxygen, and 
formation of the dioxide. 

47. Potassium Hydrate or Caustic Potash^ KEO, is 
foimed by the action of the metal upon water — 

K+HaOzrKHO+H. 

It is usually prepared by boiling a moderately dilate 
isolution of potassium carbonate with slaked lime. One part 
of the carbonate dissolved in twelve parts of water is heated 
to boiling in an iron pot, and two parts of lime previoiialy 
slaked in nine parts of water is added by degrees, the liquid . 
being boiled for a few minutes after each addition of the lunei 
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in order to insure its conversion into calcium carbonate. 
When the whole of the lime h&a been added, the solution is 
boiled for a quarter of an hour, allowed to clarify by standing, 
the clear liquid drawn off and boiled down in a silver basin 
until the hydrate begins to evaporate. The oily liquid is 
then run into cylindrical moulds in 
which it solidifies, forming the sticks 
Bold in the shops as potaMafvsa (fig. 
113). 

Caustic potash as thus prepared com- 
monly contains more or less alumina, 
mlica, oxide of iron, and calcium and 
potassium carbonates, the last-named 
compounds being due to careless de- 
oantation or imperfect decomposition. 
' If in the preparation the solution is 
allowed to become concentrated whilst 
■till in contact with calcium carbonate, 
potassium carbonate may be regene- Fig- 113- 

rated, since a stroi^ solution of potash boiled \rith chalk 
forms calcium monoxide and potassium carbonate. The 
potash may be purified by treatment with alcohol, in which 
it readily dissolves, the greater number of the impurities 
remaining undissolved. 

Pure potassium hydrate may alBO bo obtained by decompos- 
ing a Bolutioa of the sulphate with an equivalent amount of 
baryta, or by heating the nitrate to redness with metallic 
copper, or better, iron, in a covered iron crucible; on heating 
tite deflagrated mass with water, potassium hydrate is formed, 
and may be dissolved out from Uie cupric or ferric oxides. 

OauBtic potash readily absorbs moisture and carbon dioxide. 
It is soluble in about half its weight of water and alcohol, 
and in the act of solution evolves great heat. On cooling, 
a concentrated aqueous solution, acute rhombohedrons of the 
composition KHO.SH^O, is deposited. The solution is 
intensely caustic, and occasions a soapy feeling when rubbed 
between the fingers, from its action on the cuticle. It rapidly 
acts on animal and vegetable matter, and therefore cannot be 
filtered through paper. Large quantities of potash are used 
in the arts, by glassmakers, soap-boilers, and others; it is of 
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great use in the laboratory as a precipitant, and as an 
absorbent for certain gases. 

48. Potassium CUoridOi XCl, is found in sea-water, and 
in many mineral springs. It exists in kdp; this material, 
indeed, constitutes one of the chief sources of supply of pot- 
ash compounds (see Vol. L, p. 286). Potassium chloride 
crystallises in cubes, which are anhydrous; large crystals are 
occasionally found native, constituting the mineral known as 
aylvine. It dissolves in about three parts of water at ordi- 
nary temperatures, with the production of great cold. • It 
fuses at 738^ It absorbs sulphur trioxide, forming a hard 

shining mass of the composition ^^ S p/ analogous to sul- 

phuryl hydroxyl chloride, tt^ f ni (see Vol. I., p. 348). A 

CrO ) O 
similar product is formed with chromic trioxide, -y^ \ ^i 

49. Potassium Bromide, KBr, also occurs in many 
mineral waters. It is readily formed by dissolving the car- 
bonate or the hydroxide in hydrobromic acid, or by adding 
bromine to a solution of potash, treating the liquid with 
sulphuretted hydrogen to decompose the bromate produced, 
filtering from the precipitated sulphur, and evaporating the 
solution. The salt crystallises in cubes, and is readily soluble 
in water at ordinary temperatures. It fuses at 703®. 

60. Potassium Iodide, KI, is obtained by dissolving the 
hydroxide or carbonate in hydriodic acid, or by adding iodine 
to a solution of caustic potash until the liquid acquires a 
brown tint, when potassium iodide and iodate are simul- 
taneously formed — 

3Ia + 6HK0 = 5KI + KIO3 + SHjO. 

On evaporating the solution to dryness, and gently igniting 
the residue, the iodate is converted into iodide. It fuses at 
639°, and dissolves in less than its own weight of water, and 
in about five parts of alcohol at ordinary temperatures; 
its solution dissolves iodine freely, forming a dark brown 
liquid. Potassium iodide frequently contains iodate; the 
latter salt may be readily detected by adding a little starch 
paste to its solution, and then a few drops of dilute hydro- 
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chloric acid free from chlorine; if iodic acid he present, the 
liquid acquires a deep blue colour.* 

61. Potassium Sulphides. — Potassium combines with 
sulphur in several proportions. The monosulphide, KgS, 
is said to be formed by heating normal potassium sulphate in 
hydrogen, or with finely-divided charcoal. It is described as 
an orange-coloured, exceedingly hygroscopic powder, possess- 
ing a strong alkaline reaction. It is doubtfvd, however, if it 
has been obtained pure. 

The disulphide, KgSg, is prepared by exposing a solution 
of the sulphydrate to air or to oxygen; the colourless solution 
quickly becomes yellow from the absorption of oxygen and 
formation of the higher sulphide — 

2HKS+0=K2S3+H20. 

It may be obtained by evaporation in vacud, as a reddish 
yellow powder. 

52. Tri-9 Tetra-9 and Penta-sulphides of Potassium are 

known. They enter into the composition of the liver of 
sulphur of pharmacy, a substance prepared by heating a mix- 
ture of potassium carbonate and sulphur. 

53. Potassium Sulphydrate, KHS, may be formed by 
the action of the metal upon sulphuretted hydrogen, 

K+HjS=KHS+H, 

a reaction precisely analogous to that of the metal upon 
water. It is also obtained by saturating an aqueous solution 
of potash with sulphuretted hydrogen. 

64. Dipotassium Sulphate, K2SO4, is found native, in 
thin prismatic crystals, as glaserite. It occurs in sea-weed, 
and is now largely obtained from kelp. It crystallises in 
forms derived from the rhombic system. Fig. 114 repre- 
sents one of its principal forms. The plate sulphate of com- 
merce has the composition K3Na(SOj2> it forms plates or 

* Hydrochloric acid frequently contains small traces of free 
chlorine, which would bring about the blue colouration of the starch 
from the liberation of the iodine, even if an iodate were absent. The 
error from this cause may be avoided by placing a crystal of tartaric 
acid in the solution of the salt under examination; the presence of 
iodic acid is revealed by the formation of a yellow zone round the 
crystaL 
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prisids belonging to the hexagonal eyntem. A. bright flash 

of light is frequently observed to attend the separation of 
each crystal from the solution. 

N'ormal potassiam sulphate is sparingly 
soluble in water (one part of salt in about 
nine of water); it is insoluble in absolute 
alcohoL By dissolving the salt in strong 
nitrio acid, fonr-dded prisms of the com- 
bination KaSO^-HNOg are obtained. 
With phosphoric acid a compound of the 
formukKjSO^.HjPO^ia obtained. When 
Fig. lit heated with sulphuric anbydride, the 

normal sulphate gives the anhydro-enlphate KS^O^ ; with 
Kordhausen acii^ the hydro-potassiom anhydio-aalpliate 
KHSjO^ is formed; it crystallises in prisms, and melts at ISS". 
The acid sulphate, HESO,, is also found native as misenile, 
and is obtained in the laboratory aa a bye-product in the pre- 
paration of nitric acid. It dissolves much more readily In 
water than the normal salt, and crystallises in rhombic octa- 
hedrons, resembling those of sulphur. The salt ia, however, 
dimorphous, and may be obtained in monoclinic prisms simi- 
lar to those of felspar. 

65. PotasBinm Nitrate, Nitre, or Saltpetre, KSOg, 
occurs in considerable quantity in the soils of many countries, 
as in certain parts of India, Persia, Arabia, Mid Spain ; indeed, 
it is probably present in small quantity in nearly all soils. It 
is frequently met with in small quantify in calcareous forma- 
tions; the spring-waters rising &om such lonnations oftea 
contain notable quantities of nitrates. Nitrates are also fre- 
quently observed, aa an efflorescence, in the caves which 
abound in limestone districts. 

In Bengal, where large quantities of nitre are found, the 
Burface-soU is carefully removed and treated with water, 
the solution is allowed to clarify by standing, and is boiled 
down. The crude saltpetre thus obbiined contains consider- 
abte quantities of alkaline chlorides and organic matter, which 
are removed by treatment with a quantity of hot water suffi- 
cient to dissolve the nitrate. Since potassium nitrate is 
much more soluble in hot water than sodium chloride, the 
greater portion of the latter salt is le& undissolved. Tha 
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solution separated from the residual salt is diluted and boiled 
ivitli glue, the organic matter is thus coagulated, and rising 
to the surface, is skimmed off. The liquid is concentrated, 
and, when the nitre commences to separate out, it is rapidly- 
agitated in order to prevent the formation of large crystals 
and their consequent contamination with the chlorides, etc., 
still remaining in the mother-liquor. The saUpetre^flour, as 
the crystalline powder thus obtained is termed, is washed 
with a saturated solution of pure nitre in order to remove the 
adhering mother-liquor, and is then dried. 

Considerable quantities of potassium nitrate are obtained 
from Chili saltpetre or sodium nitrate. The latter salt is 
dissolved in water, and added to a hot concentmted solution 
of pearl-ash. Sodium carbonate is thrown down, and the 
nitre formed remains in solution; on concentration it is 
obtained in crystals. Occasionally the pearl-ash is previously 
treated with lune, and the caustic potash thus formed is added 
to the solution of the nitrate : on boiling and concentrating, 
the potassium nitrate separates out, caustic soda remaining 
in solution. Nitre may also be formed by boiling solutions 
of potassium chloride and Chili saltpetre, the sodium chloiide 
thus produced is precipitated when the liquid is sufficiently 
concentrated, the nitre being obtained from the mother-liquor 
by further evaporation. 

On the Continent, saltpetre is formed artificially by the 
decomposition of nitrogenous organic matter. A large heap, 
consisting of ashes mixed with animal matter and lime, is 
watered at intervals with lu-ine or the drainage from stables. 
After a sufficiently lengthened exposure to air, the earth is 
lixiviated, and the nitrates, formed by the oxidation of the 
nitrogenous matter, are dissolved out: the solution is mixed 
'with potash carbonate added in the form of wood ashes, in 
order to decompose the calcium and magnesium nitrates. The 
liquid is clarified by standing; on evaporation it yields crude 
nitre, which is refined by the method above described. 

Pure jpotassium nitrate is a white salt, possessing a bitter 
taste. It is soluble in about 3^ parts of water at 18°, and in 
less than ^ part at 100^ It is perfectly insoluble in absolute 
alcohoL It generally crystallises in rhombic prisms (fig. 115), 
bat it may also be obtained in forms resembling those of 
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calc-spar. Fotasaiam nitrate melts at SSS**, and solidifies to 
I a white fibrous mass, known in pharmiLcy as 
I sal-prunellce. It gives off oxygen at s red 
heat, and is converted into potassium nitrite; 
at higher temperatures it parts with nitro- 
gen, and leaves a mixture of mono- and di- 
oxide of potassium. Nitre contaias nearly 
half its weight of oxygen, which it readily 
loses when heat«dwithoxidisable substances. 
Thus, when mixed with certain finely-divided 
' sulphides the mass deflagrates on being 
heated, and potassium sulphate la formed. 
ToiLchrpaper, which is largely used in the mannfacture of 
fireworks, is simply paper dipped in a solution of nitre and 
dried. .. : 

Gunpou)der. — ^Potassiam nitrate enters largely into the 
composition of gunpowder, which is a mechanical mixture of 
sulphur, charcoal, and nitre. Its projectile and dieruptiva 
force depend upon the facility with which it bums, the high 
temperature of its combustion, and the eSect of the heat on 
the large volume of gas which is generated. Gunpowder ia 
made by mixing refined nitre, ground sulphur, and powdered 
charcoal, made from willow, dog-wood, or aider, in the proper 
proportions in a revolving drum, whereby they become inti- 
mately blended. The mixture is made inte a stiff paste with 
water, and is ground under stones ; the mass thus obtained 
is subjected to intense pressure, and the hard sonorous block, 
technically known as press-cake, is granulated whilst still 
damp by the action of toothed rollera, and is passed through 
sieves, whereby it is sorted into grains of various sizes. The 
sifted powder is then dried in steam cbeste, and the grains 
are polished by being agitated one against the other in a 
revolving barrel Large-grained powder, such as is employed 
in in in in g operations, is frequently glazed by the addition of 
a little powdered graphite to the barrel The value of the 
powder as an explosive agent bears an intimate relation to 
its gravimetric density; the heavier it is, the greater is its 
projectile force. The relative proportions of the various 
constituents vary with the use to which the powder ia put: 
blasting powder, for example, always contains more anlphui 



OUNPOWDBR. 125 

than ordnance powder. Tie following Table exhibits the 
composition of certain ordnance powders : — 

English Rifle. Ruulan. Chinese. 

Saltpetre, - - - . 75 04 7418 61*5 

Sulphur, . ... 9*93 9*89 15*4 

! Carbon, - - 10*67) 10*75) 

Kr*: : "I "09 3-lf' 14-83 231 

Ash, - - 0-24) 0-34 

Moisture, . . . . 0*80 110 

99*86 10000 1000 

When gunpowder is fired it is resolved into gases and 
into matter which ultimately becomes solid; but it is im- 
possible to express the exact nature of the decomposition in 
the form of an equation, since it varies with the conditions 
under which the powder is fired. When one gram of powder 
of the ordinary gravimetric density (about 1) is fired in a 
closed space, it is resolved into about 0*43 grm. of permanent 
gases, which at the moment of explosion occupy about 0*4 
cubic centimetres, and 0*57 grm. of matter which ultimately 
solidifies, and which as a liquid occupies about 0*6 cc. The 
volume of the permanent gas formed, measured at 0"^, and 
under a pressure of 760 mm. is about 280 times that of the 
powder. 

Gases. 

Carbon dioxide, 5240 

Carbon mouoxide, 8*86 

Sulphuretted hydrogen, 160 

Nitrogen, 34*51 

Methane, 012 

Hydrogen, 2*51 

100 00 
Solids. 

Potassium Carbonate, 58*94 

„ . Sulphate 21*89 

„ Thiosulphate, 8*15 

„ Monosulphide, 4*22 

„ Sulphocyanate, 0*04 

„ Nitrate, 006 

Ammonium Carbonate, 0*06 

Sulphur, 6*65 

100 01 
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The percentage compodtioii by Volnme of the gaa, and hy 
-weight of the solid residue, are stated above. The powder 
ia " English rifle," the oomposition of whieh is given above : 
the charge occupies about seven-tenths of the space in which 

The tension of the products of combustion, when the powder 
entirely fills the space in which it is fired, has been variously 
estimated, but the researches of Noble and Abel show that 
it may be taken at about 6400 atmospheres, or about 42 tons 
on the square inch. The temperature of the explosion is 
estimated at about 2200°C. (Noble and Abel, PhU. Trans. 
1875.) 

56. Dipotassiom Caibooate, K^COg, is obtained by ludvi- 
atmg the ashes of plants. The potash exists in the plants in 
union with vegetable acids, which are destroyed on incinera- 
tion, the salts being converted into carbonate. The quantily 
of potash varies considerably in different parts of the plant; 
as a rule, herbaceous and succulent plants yield more than 
shrubs or trees : the amount of potash varies also in different 
parts of the same plant; it is present in largest quantity in 
the leaves, and in least quantity in the wood. 

Pure potassium carbonate may be obtained by deflagrating 
a mixture of pure potassium tartrate and nitrat« ; on treadng 
the mass with water, potassium carbonate dissolves out. A 
better method consists in recrystallising the acid carbonate, 
EECOg, and igniting it in a platinum cnicible. 

Potassium carbonate dissolves in about its own weight erf 
water at common temperatures, and gives a strongly alkaline 
solution, which, on concentration, deposits the salt in rhombic 
octahedrons of the composition EjCO^.^H^O. The anhy- 
drons salt is highly deliquescent, it melts at 838°, and may 
bo volatilised without decomposition, 

57. Honopotassiam Carbonate, or 
acid potBBSiTim eaibonate, KHCO„ 
is formed by treating the dipotassinia 
salt, either in the solid state or in 
solution, with carbon dioxide. It 
forms large, well-developed prisms 
I belonging to the monoclluic syst^n 
Fi|. 116, (fig. ii&j. It dissolves in about four 




BUBIDIUH. 127 

times its weight of water at ordinary temperatures; on being 
boiled the solution loses carbon dioxide, and the salt is 
gradually changed into the normal carbonate. The same salt 
is also formed by heating the crystallised acid-salt to 100°. 

68. Potassium Silicates. — These compounds resemble 
the corresponding salts of sodium, and they are prepared by 
similar methods. ApophyUite is a double silicate of potas- 
sium and calcium, associated with calcium or potassium 
fluoride. Double silicates of potassium, aluminium, and iron, 
enter into the composition of many well-known minerals, as 
leudtey orthoclase, prehnite, harmotome, etc. 

Potassium compoimds are characterised by the violet colour 
which they impart to the non-luminous gas flame, aflbrding 
in the spectroscope two lines in the red, one coincident with 
the Praunhofer line A, and a line in the violet near H. Solu- 
tions of potassium compounds, when moderately concentrated, 
^ve a white precipitate with tartaric acid of cream of tartar, 
KHgC^O^; and a yellow crystalline precipitate with platinum 
tetrachloride, consisting of KgPtGlg. The addition of alcohol 
promotes the separation of these precipitates. 



59. Bnbidinm — Symbol Rb; atomic weight 85*4. — This 
element was discovered by Bunsen in 1860, in the mineral 
water of DUrkheim, in which it exists to the extent of one 
part in five millions. Since that time its presence has been 
demonstrated in many other mineral waters, notably in those 
of Nauheim and Bourbonne-les-Bains. It occurs in many lepi- 
dolites and in other lithia minerals; in the ashes of many 
plants; in coflee, tea, cocoa, etc. Bubidium almost invariably 
accompanies potassium and caesium, and, occasionally, thallium. 
The chlorides of these bodies, obtained from the residues in 
the extraction of lithia from lepidolite, are converted into 
platino-chlorides, and treated repeatedly with small quantities 
of hot water, whereby the more soluble potassium compound 
is dissolved out; the residue is dried and heated in hydrogen, 
and the chlorides of rubidium and caesium are separated from 
the reduced platinum by boiling water. The chlorides are 
treated with sulphuric acid, and the restdting sulphates con- 
verted into the alums, the solubilities of which vary greatly 
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at ordinary temperatures. Thus at 17®, 100 parts of water 
dissolve of 

Fotaasium-alnm. Rnbidimn-alam. Cffiaiiim-alam. 

. 13-5 parts. 2*27 parts. 0'619part. 

Hence the potash alum is nearly 6 times more soluble than 
the rubidium alum, and 22 times more soluble than the 
caesium compound (Redtenbacher). By means of these 
differences in solubility, it is comparatively easy to separate 
the caesium and rubidium from the last traces of potassium, 
and from each other. 

Another method, given by Bunsen, is to convert the sul- 
phates into carbonates, by treatment with baryta water and 
carbonic acid, and the carbonates into taHrates. The latter 
salts are placed in a funnel in an atmosphere saturated with 
moisture; the caesium compound rapidly deliquesces, and 
drops as a concentrated solution from the end of the funnel, 
leaving a residue of acid tartrate of rubidium. 

Bunsen, by distilling the charred acid-tartrate, obtained 
rubidium as a silver-white metal of specific gravity 1*52, 
melting at 38*5, and as soft as wax even at 10^; it readily 
volatilised, and afforded a greenish-blue vapour. It is more 
rapidly oxidised than potassium in contact with air, taking 
fire on exposure; it decomposes water with great violence, 
evolving spontaneously inflammable hydvogen, and forming 
rubidium hydrate, which on evaporation is left as a white 
porous fusible mass, volatile at a high temperature, highly 
deliquescent, and soluble in alcohol and water, with rise of 
temperature. 

60. Rubidium Chloride, BbCl, forms cubic crystals of a 
vitreous lustre, anhydrous, and non-deliquescent, properties 
which belong also to the bromide and iodide. 

The chlorate, perchlorate, and the neutral and acid chro- 
mates, are isomorphous with the corresponding potassium 
salts which they greatly resemble. The nitrate crystalHses 
in hexagonal combinations, and is soluble in about 2*3 parts 
of water at ordinary temperatures. Rubidium sulphate, 
KbgSO^, is anhydrous and isomorphous with potassium sul- 
phate; it foims an alum, AlRb(SO^)2.12H20; and produces 
hexahydrated double salts with the sulphates of magnesium, 
cobalt^ nickel, analogous to the corresponding potassium salts. 
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Rubidium may be detected by the occurrence of two lines 
in the red, less refrangible than A, whence its name, from 
rubidus; two in the orange between C and D; two in the 
yellow; two in the green, on either side of E; ^nd two in the 
violet, less refrangible than K^* Its platinochloride is less 
soluble than the corresponding potassium salt, but more 
soluble than the caesium compound: 100 parts of water at 
W dissolve 

KjPtClg. RbsPtClg. CsaPtClg. 

1 '12 parts. 0141 part. 0079 part. 



61. CfflSium — Symbol Cs; atomic weight 133.— Dis- 
covered by Bunsen in 1860, in the Diirkheim mineral water, 
and since found in many .other spiings, notably in that of 
Wheal Clifford in Cornwall. It is present in many lepi- 
dolites, and in the ashes of several plants; it constitutes 
about 32 per cent, of the rare mineral polluXy found in Elba. 
The metal has not yet been prepared, but an amalgam of it 
may be obtained in the manner indicated on p. 48. Caesium 
is the most electropositive element known. The hydrate, 
CsHO, is a deliquescent caustic body, easily soluble in alcohol. 
The chloride crystallises in cubes which volatilise on heating. 
The sulphate is anhydrous, more soluble than potassium 
sulphate, and readily forms an alum. The nitrate is anhy- 
drous and isomorphous with the rubidium salt, and not with 
potassium nitrate. The carbonate is deliquescent and soluble 
in alcohol and water; the acid-tartrate is also soluble in 
water. By the characters of the two last-named salts, caesium 
may be distinguished from rubidium and potassium; its 
spectral indications are two bright lines in the blue, whence 
its name from cassivSy sky-blue; three in the green, less re- 
frangible than E; two in the yellow, and two in the orange; 
the highly characteristic blue lines of the flame spectrum are 
absent in the spark spectrum. 



62. Asunohiiun. — This name is applied to a hypothetical 
basic radicle NH^, which is assumed to combine with acid 
radicles, e,g,, SO^, NO3, CI. etc., to form salts, many of 
10—11. \ 
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which are both chemically and physically analogous to the 
corresponding salts of potassium. This radicle has not been 
isolated; it is doubtful, indeed, if it can exist in the free 
state. When a solution of ammonium chloride is poured 
over sodium amalgam, a soft slimy mass is formed, which 
swells up to many times the ongmal bulk of the sodium 
amalgam. This curious substance has been termed an 
ammoninm-amalgain, on the assumption that it was a com- 
bination of the radicle NH^ with mercury. In reality, how- 
ever, it is nothing but a mercurial froth, inflated with a 
mixture of ammonia and hydrogen. The metalline mass on 
being subjected to pressure changes its volume like a jgas ; 
by strong compression it assumes the ordinary appearance of 
mercury; but on releasing the pressure the imprisoned gases 
expand to their original volume, and the mass again acquires 
a dull frothy aspect. The so-called ammonium amalgam has 
no action on solutions of silver or copper salts, whereas the 
amalgams of sodium and potassium displace the silver or copper. 
When dry ammonia is brought into contact with sulphur 
trioxide, a white crystalline powder of the composition 
N^HgSOg is formed. This body is termed ammoninm Bul- 
phamate; its constitution may be expressed by the formula 

SO2 < To-TT^; it is the ammonium salt of an acid derived from 

sulphuric acid, SOg -j /-v-rr, by the replacement of hydroxy! 

by the radicle amidogen, NHg. Ammonium sulphamate is 

readily soluble in water, and may be obtained in crystals by 

evaporation in vaetio. Baryta-water liberates ammonia and 

forms barium sulphamate, Ba(SOgNH2)2; it is a soluble salt 

which, on the addition of potassium sulphate, yields potas* 

sium snlphamate, SOgNH^E, and barium sulphate. 

A similar compound, termed carbamic acid, is formed by 

the union of carbon (Uoxide and ammonia gas; it has the 

n CJTH 
composition CO < ;^jtt^ and may be regarded as the ammo- 

^ n f QH 

nium salt of an acid derived from carbonic acid, CO < q^, 

by the substitution of amidogen for hydroxyl. By replaoing 
boih hjdroxyl groups by amidogen, ea/rbamide or urea is 
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obtained, CO < S-tt^. This replacjement can be effected 

^. ^^ f CI 

the action of ammonia on phosgene gas, CO < q, — 

COCI2 + 4NH3 = 2NH4CI + CON2H4. 

Most bibasic acids appear to be capable of forming a corre 
sponding amic acid and an amide; tribasic acids form two 
amic acids and an amide; tetrabasic acids form three amic 
acids and one amide. On the other hand, monobasic acids 
yield an amide, but no amic acid. 

The action of ammonia upon the acids is very different 
from its behaviour with the acid radicles. Thus with sul- 
phuric acid it forms the compound (NIl4)2S04— 

2NH8 + HjSO^ = (NH JaSO^, 

with nitric acid it forms NH4NO3; with hydrochloric acid, 

NH3 + HN08=NH4NOs 
NH,+HC1 =NH4C1. 

63. Ammonium Chloride, or 8al-Ammoniac, KH^CL — 

When hydrochloric acid gas and ammonia gas are mixed 
together in equal volumes, dense white fumes of ammoniiun 
chloride are produced, which condense to form aggregations 
of minute cubical or octahedral crystals. Sal-ammoniac is 
frequently found as a product of volcanic action. It was 
formerly almost exclusively obtained from Egypt, where it 
■was prepared by heating the soot obtained by burning camels' 
dung. It is now manufactured by neutralising the ammonia 
water of the gas works with hydrochloric acid, evaporating 
the solution, and subliming the residue. It is thus obtained 
in tough, fibrous masses. It is soluble in about 2f parts of 
water at ordinary temperatures, with considerable reduction 
of temperature. Its solution gradually becomes acid on boil- 
ing from loss of ammonia. It is readily volatilised, and on 
h&ng strongly heated dissociates into ammonia and hydro- 
ohlaric acid gases, which recombine on cooling. 

64. Ammonium Sulphides. — The normal sulphide, 

INHJjS, may be obtained in colourless crystals by mixing, 

t a low temperature, sulphuretted hydrogen, with twice its 

dume of ammonia gaa. At ordinary temperatures the salt 
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evolv^es ammonia, and is converted into ammonitun Bulpliy- 
drate, NH^HS, a solution of which, prepared by pieussing 
sulphuretted hydrogen into ammonia water, is much used as 
a re-agent in the laboratory. The following polysulphides 
have been obtained— 

Bisulphide, NH4— S— S-NH. 
Trisulphide, NH4— S— S— S— NH. 
Tetrasuljphide, NH4— S— S— S— S— NH^ 
Pentasulphide, NH^— S— S— S— S— S— NH. 
Heptasulphide, NH4— S— S— S— S—S— S— S— NH^. . 

The heptasulphide is the most stable member of the series, 
and is but slowly acted upon by acids. It forms dark red 
crystals, which may be heated to 300° without decomposition. 
The jfuming liquor of Boyle, obtained by distilling a mix- 
ture of sulphur, sal-ammoniac, and lime, consists of a mixture 
of the above-named sulphides. 

65. Di-Ammonium Sulphate, (^'H.^^0^, is made by 
blowing steam through the ammoniacal liquor of the gas 
works and condensing the vapours in sulphuric acid. It 
crystallises in forms belonging to the rhombic system, and is 
isomorphous with potassium sulphate. An acid-Sulphate, 
NH4HSO4, may be obtained by adding the normal salt to 
dilute sulphuric acid. The ammonium sulphates are princi- 
pally used in the manufacture of artificial manures, and of 
ammonia alum. 

66. Ammonium Nitrite, NH^NO^, is best prepared by 
mixing solutions, in equivalent quantities, of barium nitrite 
and ammonium sulphate, and evaporating the clear liquid in 
a vacuum at the ordinary temperature. It is a white, crystal- 
line, elastic, and tenacious substance, readily moulded between 
the fingers. It slowly decomposes at common temperatures, 
and detonates when struck with a hammer, or when heated 
to 60® or 70^ Its concentrated aqueous solution rapidly 
decomposes on warming, evolving pure nitrogen: 

NH4NO,=N,+2H,0. 

67. Ammonium Nitrate, 'KR^O^ is readily obtained by 
adding ammonia solution in slight excess to nitric acid. On 
concentrating the solution, the salt is obtained in hexagonal 
prisms. It is slightly deliquescent, and dissolves in less than 
its own bulk of watei*, with great depression of temperature* 
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Ifc fuses at 108^ boils at 180^ and between 230 and 250" is 
decomposed into nitrogen monoxide and water. 
68. Ammoninm Carbonates. — The normal carbonate 

{IS'H.^fiOg.'Kfiy is an unstable salt, readily parting with 
ammonia and water, and changing to the acid carbonate 
NH4HCO3 even in solution; indeed, it appears that the salt 
cannot be dissolved in water without more or less decom- 
position into the acid carbonate and free ammonia. The 
latter salt, known also as bica/rboruUe of ammonia^ has been 
found in guano, and is occasionally met with in brilliant 
rhombic crystals in the purifiers of the gas manufactories; 
it may be obtained by saturating a solution of ammonia with 
carbonic acid. It is dimorphous; its principal forms belong- 
ing to the rhombic system. It has an ammoniacal smell, and 
its solution loses ammonia even at ordinary temperatures. 

Tetrammoniom Dihydro^n Carbonate, or aesquicarbonate 

c/ixmimonia, (J^^^j^ai^^siz* ^^X ^ obtained by dissolving 
either of the precedmg salts in strong solution of ammonia. 

The ammonium carbonate of commerce is a mixture of the 
add-carbonate and the carbamate. It is obtained on the 
large scale by the distillation of nitrogenous organic matter; 
the crude substance thus formed is purified by sublimation. 
It may also be formed by heating a mixture of chalk and 
sal-anmioniac. 

Ammonium salts give similar reactions to the potassium 
compounds with platinum tetrachloride and tartaric acid. 
They are readily distinguished, however, by their volatility, 
and by their yielding ammonia, recognised by its pungent 
smelly on being heated with caustic soda or lime. 



09. Silver — Symbol Ag (Argentum); atomic weight 

107*93. — ^This element has been known from very early 

^imes. Its alchemistic symbol was that of the moon, (. 

t is found in the free state in Saxony and Hungary, crystal- 

sed in forms derived from the regular system. It also 

xmrs as the chloride {homrsiher) in Chili and Peru, as 

Ijddde (sUver-gkmce) in many parts of Europe and 

nerica, and in smaller quantities as the iodide, bromide^ 
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areenide, And antimonide. An amalgam of rilver is foond 
in Chili, in the Palatinate, in Spain, and Sweden. Many 
-varieties of copper ore and galena contain notable quantities 
of the metal. 

Considerable qnantitiea of silver are extracted from lead in 
this oountiy by so-called " desilveriBing proceHBes" (see Xjead). 
It is also obtained in the Hartz from ai^eotiferous copper 
by fusion with lead, which dissolves ont the silver. The 
mixture of metals is cast into roand cakes or discs which are 
graduall J heated on a trough-shaped heaitii, termed a liquation- 
bearthj the lead melts 
and runs away, and 
cames the silver with it, 
the two metals being 
afterwards separated by 
cupellation (fig 117) 
Mercury readily dissolves 
sdver, a fact which IB . 
taken advantage of in 
the extraction of the 
metal in Centr^ and 
South America, and m 
8axoay. In the Mexican 
process, the crushed and pounded ore, in which tlie fdlver 
exists partly as metal, partly as chloride and sulphide, is first 
intimately mixed with common salt, and after standing a few 
days, a small quantity of roasted and 
powdered copper pyntes (technically 
known as inagietrai) is added. The 
mass IS next nuied with mercury, the 
intermixture being efiected by the 
trampling of mules, and is again 
allowed to stand, after some days a 
fresh quantity of mercury la added, and 
thoroughly incorporated. The ulver 
amalgam, separated by washing away 
the earthy matter with water, la filtered 
through canvas, and the pasty amalgam 
Fig 118 IB pressed into sobd pyramidal masses, 

whidi are heated in the arrangement seen in fig 118. The 




Fig. 117. 
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amalgam is placed on trays, which are supported on an iron 
rod standing in a cistern of water. On heating the iron 
beU, in the manner indicated in the figure, the mercury 
Toktilises, and is condensed in the waterfthe silver remain- 
ing on the trays. The theory of this process of extraction is 
not perfectly understood, but it is probable that the following 
reactions take place. The copper sulphate in the roasted 
pyrites is converted into cupric chloride by the action of the 
common salt. The cupric chloride reacts upon the silver 
sulphide, silver chloride and cuprous chloride being formed, 
and sulphur Hberated— 

2CUCI3 + AgjS = 2 AgCl + CujCl, + a 

The silver chloride is decomposed by mercury and calomel 
(HgoClj) is formed, and the silver is dissolved in the excess 
of the mercury. The process occupies from a fortnight to 
six weeks; it needs careful attention, and the due addition 
of the magistral, otherwise a great loss of mercury occurs; 
the amoimt of mercury needed in any case is very large, 
since no attempt is made to recover it from the calomel, or 
from the water used in washing away the earthy matter. 

In Spain and Himgary, where mercury is also employed 

in the extraction of silver, a different method is adopted. The 

ore — ^in which the silver exists mainly as sulphide, associated 

with the sulphides of copper, iron, lead, arsenic, etc. — is 

ground to powder, mixed with 10 per cent, of common salt, 

and roasted in a reverberatory furnace at a low red heat. The 

greater portion of the arsenic and sulphur is expelled, and 

the silver, copper, and iron are converted into sulphates, and 

ultimately, by their action on the sodium chloride, into their 

xeEtpective cUorides, sodium sulphate being simultaneously 

formed. The roasted mass is again ground to powder, and. 

8 brought into oaken casks partially filled with water and 

ontaining scrap iron (fig. 119). The casks are caused to 

3volve in order to accelerate the action of the iron on the 

Iver chloride; the silver and copper are thus reduced to the 

etaUic state, and ferrous chloride is formed. A quantity of 

vxiatj is now added, and the casks are again set in revolu- 

n; the amalgam is then withdrawn and passed through 

was bags; the pasty amalgam is subjected to pressure^ and 
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the mercuiy is dktilled off in an iron retort fitted with a 
condenser (fig. 120) The impure silver left in the retort is 
melted in plumbago crucibles, and is cast into ingots. It in 
ireed from copper by melting it with lead and cupelling it. 




Fig 119 Fig. 120. 

Various methods are now in use by which, the employmeot 
of mercury is obviated. In the metiiod of Augustin, the ore, 
after having been roasted with common salt, is digested with 
ft strong solution of the same salt, in order to dissolve out the 
silver chloride, and the metal is precipitated by placing strips 
of copper in the liquid. Sodium thiosulpbate is also used as 
a solvent for the silver chloride ; the silver is precipitated from 
the solution as sulphide by the addition of sodium sulphide, 
which is afterwards dried and fused with metallic iron, fer- 
rous sulphide and metallic silver being formed. Ferrous and 
cupric sulphates are decomposed on beating ut a much lower 
temperature than silver sulphate. It is possible, therefore, 
by properly regulating the temperature of roasting, to convert 
the sulphates of iron and copper into oxides, the silver sul- 
phate being undecomposed. The roasted mass is treated 
with hot water, and the silver is precipitated by metallic 
co^r; this is known as the process of ZiervogeL 

Pure fdlver is a highly lustrous, white metd, exceedingly 
malleable and ductile; it maybe obtained in leaves suffici- 
ently thin to permit of the transmission of bluish-green light. 
Ite conductivity for heat and for electricity is superior to 
that of any other metal. Its specific gravity is about 10*6, 
and is increased by hammering. It melts at about 1000°, and 
may be distilled; its vapour is bluish-purple. When melted 
it absorbs oxygen from the air, which is expelled again as 
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the metal solidifies. Silver is unacted upon by tlie air, but in 
the atmosphere of towns it gradually becomes coated with a 
film of silver sulphide. It is rapidly dissolved by nitric acid, 
nitrogen dioxide being evolved; hydrochloric acid has but 
little action upon it even at the boiling heat; when heated 
with concentrated sulphuric acid, it yields sulpliur dioxide 
and silver sulphate. 

Silver alloys readily with other metals. Indeed, the metal 
is rarely employed in the arts in a pure state, as it is too soft 
to resist wear. The silver employed for coinage contains 7*5 
per cent, of copper; French silver coin contains 10 per cent. 
of copper. The addition of the copper increases the hardness 
of the metal, but has little effect on its colour. Silver readily 
combines with nickel, and the resulting alloy is highly mag- 
netic; such an alloy is employed for coinage in Switzerland. 
The aUoys with aluminium, gold, and zinc are occasionally 
used in the arts. The effect on standard silver termed /ros^m^ 
is obtained by heating the metal in a current of air whereby 
a portion of the copper becomes oxidised; on immersion in 
solution of ammonia, or in dilute sulphuric acid, the oxide 
is dissolved, leaving the surface dull and lustreless. 

The proportion of silver contained in an alloy may be 
ascertained either by cupellation or by dissolving the alloy 
in nitric acid, and precipitating the silver as chloride, by the 
addition of hydrochloric acid or a solution of a chloride. In 
the former method, a weighed portion of the alloy is melted 
with lead in a little crucible made of bone earth, termed a 
cwpd. The lead and copper are gradually oxidised, and are 
absorbed by the cupel, and the silver is left in the form of a 
amall button. The operation requires great care and judg- 
ment, since many circumstances, such as the temperature to 
which the cupels are heated, the rapidity of the current of air, 
the quantity of lead added, etc., exercise an influence upon the 
result. Greater accuracy may be obtained by the humid method 
of assay devised by Gay-Lussac. A weighed portion of the 
alloy is dissolved in nitric acid, and the solution is mixed 
with a solution of sodium chloride of known strength until 
no further precipitation of silver chloride ensues. From the 
volume of the sodium chloride solution required the quantity 
of the silver is readily calculated. 
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Silver unites with oxygen in three proportions to form 
argentous oxide^ Ag^O; argentic monoxide, AgjOj and argentic 
dioxide, Ag202. 

70. Argentons Oxide is a black, unstable powder, obtained 
hj heating silver oxalate or citrate in a current of hydrogen. 

71. Argentic Honoxide is formed by decomposing silver 
carbonate at a moderate temperature, or by mixing solutions 
of potash and silver nitrate. It is a dark-brown powder, 
slightly soluble in water; its solution has an alkaline reaction 
and absorbs carbonic acid from the air. When heated to 100% 
or exposed to strong sunshine, it evolves oxygen; the expulsion 
of the oxygen is complete at a low red heat. It readily gives 
up its oxygen when triturated with finely-divided sulphur 
or phosphorus or sulphide of arsenic; the heat developed 
by the rapidity of the oxidation is so great that the mass 
inflames. 

72. Argentic Dioxide is formed by the electrolysis of a 
concentrated solution of silver nitrate, or by the action of 
ozone on finely-divided silver. It is soluble in nitric add, 
forming a dark-brown solution; on dilution with water the 
dioxide is reprecipitated. It is readily decomposed on heat- 
ing, occasionally with explosion. Hydrochloric acid converts 
it into silver cldoride with elimination of chlorine— 

AgjO J + 4HC1 = 2 AgCl + 2H,0 + CI3. 

Heated with sulphuric acid it forms silver sulphate and oxy- 
gen gas. In contact with hydrogen dioxide it forms metallic 
silver, water, and oxygen — 

AgjOj + 2H jOj = Ag, + 2H jO + 203. 
No silver hydroxide corresponding to caustic potash is known. 

73. Silver Chlorides. — Two combinations of silver and 
chlorine are known, but only one, argentic chloride, AgCl, 
is of importance. The nature of the other is not exactly 
determined; it is supposed to have the composition AggCl or 
Ag^Clg, and hence is termed argentous chloride. It is a 
brown powder, formed by the action of hydrochloric acid on 
argentous oxide, or by mixing solutions of sodium chloride 
and argentous citrate. 

Ai^grentic chloride is found native in South America, Siberia^ 
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Korway, France, and Cornwall, and constitutes a valuable ore 
of silTer. The huttermilk ore of the German miners, found in 
the Hartz, is a mixture of clay and silver chloride. Silver 
chloride is readily obtained artificially by adding hydrochloric 
acid or a chloride to a solution of silver nitrate. It forms a 
white curdy mass of specific gravity 5 -7, and is almost absolutely 
insoluble in water. It dissolves in about 50,000 parts of nitric 
acid. It is more readily soluble in strong hydrochloric acid, 
and in solutions of alksdine chlorides. Ammonia dissolves it 
readily, forming the compound 3NH3.2AgCl, which may be 
obtained in rhombic ciystals by evaporation. It is also 
readily soluble in sodium thiosulphate solution, forming a 
double salt of the composition AggNa^S^Og, which may be 
obtained crystallised with 2 molecules of water; it abo dis- 
solves in solution of potassium cyanide, forming potassio- 
argentic cyanide, AgCy.KCy. 

Stiver chloride melts at about 457°, to a clear yellow liquid 
which solidifies to a translucent resinoid mass. It is readily 
reduced to metallic silver by fusion with alkaline carbonates 
or cyanides, or by heating in a current of hydrogen gas. 
The metal is also obtained by boiling the chloiide with a 
strong solution of potash, or potassium carbonate and grape 
sugar. 

On exposure to light, silver chloride quickly darkens in 
colour^ becoming at first violet, and ultimately dark-brown 
or almost black. The change is accompanied by loss of 
chlorine, and the sub-chloride or argentous chloride is said to 
be formed. 

74. Silver Bromides. — An argentous bromide is supposed 
to be formed by the action of light upon argentic bromide. 

Argentic Bromide, AgBr, is found native, as bromargi/rite, 
in Mexico and Chili. It is obtained artificially by mixing 
solutions of potassium bromide and silver nitrate as a 
yellowish-white curdy precipitate very slightly soluble in 
nitric acid, soluble in ammonia, although less readily so than 
the chloride. It melts at 434°, and is darkened by exposure 
to light. 

The minerals known as emboUte, megahromite, and micrO' 
bromite, found in Chili, are mixtures of silver bromide and 
chloride. 
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76. Silver Iodide, Agl, is found native in Mexico and in 
Chili, in hexagonal crystals, or in thin plates of a yellowish- 
green colour, forming the mineral known as iodargyrUe. It 
may be obtained by dissolving silver in strong hydriodic acid, 
or by mixing solutions of potassium iodide and silver nitrate. 
It has a light yellow colour which is not preceptibly altered 
by exposure to light unless it contains silver nitrate, when it 
assumes a greenish colour. By the addition of nitric acid or 
solution of potassium iodide the original yellow colour of the 
precipitate is restored. Argentic iodide is very slightly 
soluble in acids and in ammonia. It is almost insoluble in 
solutions of alkaline chlorides, but readily dissolves in a con- 
centrated solution of potassium iodide, forming the compound 
Agl.KI. Silver iodide is decomposed when heated in a stream 
of chlorine and when boiled with strong nitric acid. It melts 
at 530^ 

76. Silver Fluoride, AgF, is obtained in quadratic octa- 
hedrons of specific gravity 5*852, and containing 1 molecule of 
water, by dissolving the oxide or carbonate in aqueous hydro- 
fluoric acid. It is deliquescent, and is soluble in half its 
weight of water, forming a strongly alkaline liquid. It is 
not decomposed by sunl^ht. 

77. Silver Sulphide, AggS, is found native as silver 
glance, and is obtained by fusing silver with sulphur, or by 
passing sulphuretted hydrogen into solutions of silver salts. 
It is readily fusible, forming when cold a leaden-grey mass, 
which is so soft that it may be readily cut with a knife and 
pressed into moulds. 

78. Silver Selenide is also found native in union with 
lead selenide, forming the mineral naumomnite, PbSe.Ag2Se. 
With copper selenide it forms the mineral eukairite, Ag^Se. 
CuoSa 

79. Silver Tellnride, AggTe, occurs in nature as the 
mineral heasUe. 

80. Silver Sulphate, AggSO^, is formed by the action of 
hot concentrated sulphuric acid on the metal, or by adding 
sulphuric acid to a strong solution of silver nitrate. It is 
sparingly soluble in water; it forms with ammonia a readily 
soluble compound 2NH3.AgoS04. 

81. Silver Nitrate, AgNOg, is one of the most important 



THALLIUM. 141 

salts of silver. It is readily made by dissolving the metal in 
moderately dilute nitric acid, and concentrating the solution, 
"when it separates out in anhydrous tables belonging to the 
triclinic system. It dissolves in its own weight of cold water, 
forming a neutral solution, which is partially reduced by the 
action of hydrogen with the production of silver and silver 
nitrite. It is soluble in alcohol and ether. It melts at about 
224^; when cast into moulds it constitutes the lunar cauatie 
of the surgeon. • It rapidly attacks and destroys organic 
matter, and acts as a violent corrosive poison. It stains the 
skin, hair, etc., black : an ethereal solution of the nitrate is 
used as a dye for the hair. The marking ink used for writing 
on linen, etc., is mainly a solution of silver nitrate and gum 
arabic in water. By mixing dilute solutions of silver nitrate 
and aldehyd-ammonia (formed by passing ammoniacal gas 
into aldehyd) mietallic silver is gradually separated, and may 
be deposited upon glass as a highly lustrous mirror. 

82. Triargentio Phosphate, AggPO^, is a light yellow 

powder, obtained by mixing solutions of silver nitrate and 
an alkaline orthophosphate. It is almost insoluble in water, 
but readily dissolves in acids and in ammonia. On exposure 
to light it turns black; when heated it becomes orange red, 
and at a high temperature melts. 

83. Silver Carbides. — Several combinations of carbon and 
silver are known. The compound Ag^C is stated to be 
obtained by fusing silver with lamp-black. The monocarbide, 
AgP, is a grey powder formed by heating silver pyroracemate. 

SUver salts heated on charcoal with sodium carbonate in 
the reducing area of the non-luminous gas flame yield highly 
loAtrous, white, malleable beads of the metal. In solution the 
salts give a white curdy precipitate of the chloride when 
mixed with hydrochloric acid; it is insoluble in nitric acid, 
but readily soluble in ammonia. Sulphui^tted hydrogen 
gives a precipitate of black silver sulphide, AggS, easily 
soluble in hot nitric acid. 



81 Thallium.— Symbol Tl; atomic weight 203-64.— This 
element was discovered by Crookes, in 1861, in a residue 
obtained by distilling impure selenium procured from a deposit 
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in a sulphnric acid manufactory in the EEartz. On examining 
this residue by the spectroscope, the presence of the new 
element was revealed by a brilliant line in the green, whence 
its name from OaWoc, a green bud. Thallium is widely dis- 
tributed; it is found in iron and copper pyrites, in blende, in 
native sulphur, and in lepidolite. It also occurs to the extent 
of about 18 per cent, in a native selenide of copper and sUver 
termed crookesite. It is most profitably extracted from the 
flue-dust of the pyrites burners. The metal is readily pro- 
cured from the solution of the sulphate by electrolysis or by 
the action of zinc, as a spongy crystalline mass, which, by ^sion 
in an atmosphere of coal-gas or under potassium cyanide, is 
obtained in a coherent form. Thallium has a strong metallic 
lustre, but it quickly tarnishes by oxidation. Its specific 
gravity is about 11*8; it is softer even than lead, and forms 
a bluish streak on paper which gi'adually fades by oxidation. 
It fuses at 294°, and may be obtained in well-defined octa- 
hedral crystals by slow cooling. It is strongly diamagnetic, 
and its electric conductivity is about 9, that of silver being 
100. Thallium volatilises slightly at a red heat; it boils 
below a white heat, and may be distilled in a stream of 
hydrogen gas. In contact with oxygen at a high temperature 
it bums briUiantly, and is mainly converted into thallic oxide. 
Both the metal and its salts are highly poisonous. 

Thallium combines with oxygen in two proportions to 
form thallous oxide, TlgO, and thallio oxide, TlgOg. Thai- 
Ions oxide may be obtained by the action of moist air on 
the metal. On heating the oxidised mass with hot water 
the hydrated oxide, TlgHgOgOr TIHO, dissolves and crystal- 
lises out, as the solution cools, in pale yellow prisms. The 
crystals lose their water on heating, and readily melt to 
a dark-brown liquid which corrodes glass and porcelain. 
The oxide is easily soluble in water, and forms a strongly 
alkaline solution resembling that of potash. It attacks the 
skin, staining it a dark-brown colour. Like potash it pre- 
cipitates many oxides, e.g., those of lead, iron, cobalt, nickel, 
mercury, silver, manganese, etc.; it throws down the aluminium 
and chromium hydrates, but redissolves them when added in 
excess. By long continued boiling it slowly absorbs oxygen, 
Asd is jmrtially converted into the sesquioxideor thallic OzidOi 
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TlgOg. This oxide is the chief jDroduct of the combustion 
of the metal in oxygen. It may be obtained by the addition 
of sodium hypochlorite to a solution of the thallous chloride 
in sodium carbonate, or by the action of hydrogen dioxide on 
the metal, or by passing a voltaic current through a neutral 
solution of thallous sulphate; the metal is formed at the 
negative pole, and the positive pole gradually becomes coated 
^th a cake of thalUc oxide which afterwards slowly dissolves 
in the free sulphuric acid. On the addition of ammonia, or 
potash, or thallous hydrate, it is reprecipitated. as a brown 
powder possessing the composition TI2H2O4 or TlHOg. On 
heating it becomes anhydrous, and at a high temperature 
evolves oxygen. 

85. Thallium Chlorides. — ^The following combinations of 
chlorine and thallium are known : — Thallium monochloride, 
TlCl; thallium sesquichloride, Tl^Cl^; thallium dichloride, 
TljCl^; thallium trichloride, TICI3. The sesqui- and di-chloride 
may be represented as combinations of the mono- and tri- 
chlorides, thus : 3T1C1.1^C13 and TlCl.TlClg. 

Thallium Monochloride is the first product of the action 

rf chlorine on the metal. It is more readily obtained by the 
addition of a soluble chloride to a solution of thallous sul- 
phate as a white curdy precipitate, resembling lead chloride; 
like this salt it dissolves in hot water, but is deposited again 
as the liquid cools. It fuses at 434° to a yellow liquid, which, 
on coolu^^, solidifies to a crystalline mass of specific gravity 
7*02; like silver chloride, it is readily reduced to the metal 
by contact with zinc and dilute sulphuric acid. The mono- 
chloride forms double salts with platinum tetrachloride, and 
with gold trichloride, which resemble those produced by the 
alkaline chlorides. The chloroplatinate, TlgPtClg, is a yellow 
crystalline powder which requires nearly 16,000 parts of 
water at the ordinary temperature for solution ; hence it is 
less soluble than the corresponding salts of csesium^ rubidium, 
and potassium. 
Thallium Sesquichloride, TlgClg or Tl^Clg--- 

Cl— Tl— Tl— Tl— Tl— 01 

CI Cl Cl Cl 
18 obtained in bright yellow crystalline scales resembliog 
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thoBe of lead iodide when the metal or tne monochloride is 
dissolved in warm nitro-hydrochloric acid and the solution 
cooled. It is even less soluble in cold water than the mono- 
chloride. Its solution is decomposed by ammonia into the 
brown oxide and the monochloride. 

The dicUoride, TlgCl^— 

CI CI 

I I 

a— Ti— Ti— a 

is formed by heating the monochloride in chlorine gas; it is 
a pale yellow crystalline mass which, at a high temperature, 
is converted into the sesquichloride. 

The trichloride, TICI3, is produced by dissolving the 
trioxide in hydrochloric acid, or by suspending the mono- 
chloride in chlorine water. The solution evaporated in vacud 
yields colourless prisms of the hydrated chloride. It unites 
with the alkaline chlorides to form double salts, and with 
ether forms TlCl3(aH5)20.HCl + H^O. 

86. Thallium Honobromide, TlBr, is a pale yellow 
powder, nearly insoluble in cold water, and melting at 463*'. 
In contact with bromine it forms the tribromide, TlBrg. By 
partial reduction the tribromide is converted into the dibro- 
xnide TlgBr^, which, by treatment with water, yields the 
sesqaibromide TLBr^. 

87. Thalliam Mono-iodide, Til, is a bright yellow powder 
obtained by adding potassium iodide to a solution of thallium 
sulphate. It is almost insoluble in water, and fuses at 446^ 
to a scarlet liquid. On solidifying, the iodide retains this 
colour imless the particles are disturbed, when they become 
yellow — exactly the reverse of that which happens in the 
case of mercuric iodide. The tli-iodide is formed by the 
action of iodine on the metal in presence of ether. It unites 
with potassium iodide to form the compound 3KL2TII3 
(Kammelsberg), which forms large crystals belonging to the 
regular system, of a black colour by reflected light and of a 
deep red by transmitted light. 

88. Thalliam Monofluoride is a readily soluble salt, ob- 
tained by dissolving thallous carbonate in hydrofluoric acid. 
It volatilises on heating and turns black on exposure to light. 
The trifluoride is a dark-green insoluble powder formed by 
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the action of strong hydrofluoric acid on the trioxide. The 
Billcoflaoride, 2TlF.SiF4.2H2O, unlike the corresponding salt 
of potassium, is readily soluble in water. 

89. Thallium Chlorate, TICIO3, and perchlorate, TICIO^, 

are anhydrous salts isomorphous with the corresponding 
potassium compounds, and like those bodies sparingly soluble 
in cold water. 

90. Thalloas Sulphide^ TlgS, is obtained of a dark-brown 
colour by adding ammonium sulphide to a solution of a 
thallous salt. It is insoluble in excess of the precipitant, 
but dissolves readily in dilute sulphuric or nitric acid. Sul- 
phuretted hydrogen passed into a strong solution of thallous 
sulphate, acidulated slightly with sulphuric acid, precipitates 
the same sulphide in thin crystalline plates of a blue-black 
colour. No thallic sulphide is known. 

91. Thalloas Sulphate, TlgSO^, is formed by the action 
of sulphuric acid on the metal or on the nitrate or chloride. 
It is readily soluble in water, and crystallises in rhombic 
prisms isomorphous with potassium sulphate. With aluminium 
sulphate it forms thallium alum, T1A1(S04)2J2H20, isomor- 
phous with ordinary alum; it combines with the sulphates of 
iron, nickel, and magnesium, to form a series of double salts 
isomorphous with those produced by potassium sulphate. 

Thallio Sulphate, Tl2(S04)3.7H20, is an easily decompos- 
able salt formed by dissolving thallic oxide in dilute sulphuric 
acid. 

92. Thallium Nitrate, TINO3, is formed by dissolving 
the metal in nitric acid. The salt is easily soluble in water, 
bat insoluble in alcohol. 

93. Thallium Phosphates.— The following salts of thal- 
lium and phosphoric acid are known : — 

Thallium metaphosphate, TIPO3. 

Ortho Salts— 

Thallium dihydrogen phosphate, T1H«P04 
Dithalliam hydrogen phosphate, Tl^HPOj 
Trithallium phosphate, TI3PO4. 

Pyro Salts— 

Dithalliam dihydrogen pyrophosphate, TljH^PjOy 

Tctrathallinm pyrophosphate, Tl4P,07. 

10—11. T8L 
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They are colourless salts, and are all more or loss soluble in 
water. 

94. Thallium Carbonate, TlgCOg, may be prepared by 
allowing the metal to oxidise in a damp atmosphere containing 
carbonic acid. It forms white anhydrous crystals, soluble 
in water, especially on heating ; its solution is caustic and 
strongly alkaline. On mbcing its solution with potassium 
platino-cyanide, beautiful bronze-green dichroic crystals of 
the composition PtTlgCy^.TlgCOg are formed. 

Thallium may easily be detected by the matmificent ffreen 
colour which it impai4 to the non-li^inous flame, which in 
the spectroscope is seen to yield a single green line. Like 
lead, it forms a sparingly soluble chloride, but is distinguished 
from that element by the ready solubility of its sulphate. 
With platinum tetrachloride it forms the highly insoluble 
chloroplatinate PtTlgClg. 



CHAPTER VI. 
GROUP II.— DYAD METALS. 

Copper, 



Beryllium. 
Magnesium. 
Zinc. Palladium, 



Cadmium. 

Calcium. 

Strontium; 

Barium. 



Mercury. 



These metals are capable of replacing the hydrogen in 
hydrochloric acid in the proportion of one atom of metal to 

two atoms of hydrogen to form chlorides of the general for- 

II ^ _ 

mula MClg, and of an atomic heat 18 '6. Beryllium was 
formerly regarded as analogous to aluminium, hence its oxide 
was represented as BcgOg, and its chloride as BcgClg, the 
atomic weight of the element being taken as 13*9. A closer 
study of its derivatives h£^ made its relationships to th^ 
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magnesium sub-group more evident, and latterly it has been 
usual to regard it as a dyad. All doubt as to its true position as 
a member of the magnesium group has been removed by the 
determination of its atomic heat by Dr. Emerson Ite3molds. 

Beryllium, magnesium, zinc, and cadmium, together con- 
stitute a family group. The atomic weights of the three last 
named members show a gi*adational order similar to that 
exhibited by sub-groups among the monad metals; the atomic 
weight of zinc is approximately the mean of that of mag- 
nesium and cadmium. The heat of combination of zinc 
is also midway between that of magnesium and cadmium. 
The metals of this group are permanent in pure dry air, and 
are volatile at high temperatures; the volatility of the several 
members increases with their atomic weights. The vapour den- 
sities of zinc and cadmium are only half their atomic weights. 
The chlorides and sulphates of this group are readily soluble 
in water; the oxides, hydrates, and carbonates, are practically 
insoluble. Cadmium sulphide is insoluble in water and in 
hydrochloric acid; zinc sulphide is insoluble in water, but 
readily soluble in hydrochloric acid ; magnesium sulphide is 
decomposed even by water; the beryllium compound does not 
appear to exist. 

Calcium, strontium, and barium constitute an equally well- 
defined family of elements; the atomic weight of strontium 
is nearly equal to the arithmetic mean of the atomic weights of 
calcium and barium. These metals have a low specific gravity 
and possess a bright yellow colour; on exposure to air they 
are rapidly oxidised, and they decompose water with evolu- 
tion of hydrogen and formation of hydroxides. Calcium 
sulphate is slightly soluble in water, strontium sulphate is 
very sparingly soluble, and barium sulphate is practically 
insoluble. On the other hand, the hydrates and carbonates 
show the reverse order of solubility — the barium compounds 
are the most, and the calcium compounds the least, soluble in 
water; the strontium derivatives in both cases being inter- 
mediately soluble. 

Copper forms two chlorides — 

Cu— a 

Cu=Cl3 and | 

Cw-Cl, 
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and two stable oxides — 

Cu=0 and | >0; 

in each of these bodies it behaves as a dyad. In the little 
known qnadiantoxide. obtained by Rose by the action of an. 
alkaline solution of stannous oxide npon a cnpiic salt^ the 
copper may also be assumed to be diadic; thus 

I >o. 

Many cuprous compounds are isomorphous with the corres- 
ponding derivatiYes of silver; hence the two series of bodies 
may be supposed to have the same constitution. For this 
reason Wislicenus has been led to r^;ard silver as bivalent, 
and to formulate argentic compounds as analogous to cuprous 
compounds; thus — 

AgCl CuCl 

I Aigentic Chloride. | Caproua Chloride. 

AgCl CuCl 

Agv Cu 

I ^O Argentic Oxide. | >0 Onprona Oxide. 

Ag/ Cu'^ 

f-f >0 ArgentcnsOxiae. "Oo Cop^Q^* 

Agy CUv 

J ^S Argentic Sulphide. | >S Cuprous Sulphide. 

Ag/ Cu/ 

^ Ethine 9? Ethine 

CAgAgCL Silver Chloride. cCuCuCL Cuprous Chloride. 

Palladium is usually classed with platinum and its con- 
geners as a tetrad, but in its best-defined compounds it 
behaves as a dyad; the few palladic compounds which are 
known are very unstable. The chloride. PdCl^ and the 
chloro-palladinates are readily decomposed on heating, even 
in solution, with loss of chlorine; and the dioxide has not 
been definitely obtained. 
Mercury forma two series of derivatives, known as mer- 
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corous and mercuric compounds, comparable to the cuprous 
and cupric compounds, and represented by similar formulae : 

HgCl 

I Mercurous Chloride. Hg=CL Mercuric Chloride. 

HgCl 

Hgv 

I yO Mercurous Oxide. ng=:0 Mercuric Oxide. 

I yS Mercurous Sulphide. ng=S Mercuric Sulphide. 
Hg-0-01 

k Mercurous Sulphate. Hg<^;;^"^2H^^^ Mi^e'rS: 
Hg-0-0 

He< White Precipitate. 

^Cl 

The vapour density of mercury is only half its atomic weight; 
in this respect it resembles cadmium and zinc. 



96. Beryllium or Olucinum — Symbol Be; atomic weight 
9*3. — ^The existence of this element was first demonstrated 
by Vauquelin in 1798. It is found in beryl, emerald, euclase, 
double silicates of alumina and berylla, and in helvine, a 
silicate of manganese, iron, and beryllium, combined with a 
manganese oxysulphide; this body is interesting as the only 
example known of a naturally occurring compound of a 
silicate and a sulphide. Fhenacite is a simple silicate of 
berylla; chrysoheryl is a compound of alumina and berylla. 
Beryllium is a white malleable metal of specific gravity 2*1, 
resembling aluminium, and obtained by reducing the chloride 
with sodium. It is susceptible of a high polish, does not 
tarnish in the air, and resists the action of most oxidising 
agents. It is incapable of decomposing water even at a 
white heat, and boiling nitric acid has scarcely any action 
on it; sulphuric and hydrochloric acids and caustic potash 
dissolve it with evolution of hydrogen. 

96. Beryllai BeO, the only known oxide of beryllium, is 
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a wliite, bulky powder, insoluble in water, and volatilising, 
without previous fusion, at a high temperature. It may be 
obtained in hexagonal prisms, isomorphous with zinc oxide, 
by long continued fusion with boric acid. 

The hydrate, BeH202, is formed by the action of caustic 
alkalies on solutions of beryllium salts. Like alumina it is 
soluble in potash or soda, but is precipitated from these solu- 
tions on boiling as a dense powder of the formula SBeHgOg. 
H2O. Unlike alumina, it is soluble in a cold solution of 
ammonium carbonate. 

97. Beryllium Chloride, BeClg, is a white deliquescent, 
fusible, volatile substance, obtained by passing chlorine over 
a strongly heated mixture of berylla and charcoal. It dis- 
solves in water with considerable rise of temperature, and 
the solution yields a hydrated chloride on evaporation. 

Beryllium chloroplatinate, BeCl2.PtOl4.9H2O, is formed 

by dissolving berylla in a solution of platinic chloride. A 
similar compound is known with calcium chloride. Several 
i)eryllium sulphates exist, viz., the normal salt, BeS04.4H20, 
and basic salts, BeSO4.BeO2H2.2H2O and Be"S04.5Be02 
H2.2H2O, but no alum is known. A potassium beryllium 
sulpliate exists, but it cannot be obtained crystallised in octa- 
hedra, and it contains only two molecules of water. The 
ammonium salt has a similar composition. 

The reactions of beryllium are very similar to those of 
aluminium. Compounds of beryllium, however, fail to give 
a blue colour when heated in the non-luminous flame with 
cobalt nitrate; moreover, ammonium carbonate dissolves 
berylla hydrate, whereas alumina remains undissolved. 
Caustic potash precipitates the hydrate which redissolves in 
excess of the alkali; on boiling, the precipitate is again formed. 



98. Magnesium — Symbol Mg; atomic weight 24*0. — 
This element, in a state of combination, occurs widely distri- 
buted, and is found in a great variety of minerals. It is 
met with as hydrate, carbonate, chloride, bromide, sulphate, 
phosphate, and nitrate; it exists in a large number of bodies 
in combination with silica, as, for example, in hornblende, 
imffite, tak, anorthite, steatite, soap-stone, asbestus, etc. It is 
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found in many mineral waters, as in the springs at Epsom, 
Harrogate, Cheltenham, etc. Sea-water contains considerable 
quantities of the chloride and sulphate. 

Magnesia was first clearly distinguished from lime by 
Bergmann and Scheele about the middle of the eighteenth 
century. The metal was isolated by Davy in 1808, and is 
now obtained on a considerable scale by heating the anhy- 
drous chloride with sodium, and distHling the crude product. 
Ma£ni6sium possesses a silvery-white colour, and acquires a 
tS lustre by polishing; its specific gravity is 1-74; it fuses 
at a dull red heat, and may be readily distilled. It is mal- 
leable, and may be drawn out into wire, although not of any 
great thinness. When strongly heated in contact with air 
it bums with a bright white light, rich in chemically active 
rays. 

99. Hagnesitun Monoxide, or Magnesia, MgO, the only 

known oxide of the element, is formed when the metal bums 
in oxygen or in the air, and may be obtained by igniting the 
carbonate or nitrate. The product formed by heating the 
carbonate at a low temperature is a bulky, white powder of 
specific gravity 3*0; by strong ignition it contracts greatly, 
and acquires a density of 3*6. It is very slightly soluble in 
water (1 part in 55,000), and the solution has a faint alkaline 
reaction. The hydrate, MgHgOg, occurs as the mineral 
bruciie : it may be obtained artificially by adding a solution 
of caustic potash or bar3rta to a salt of magnesium. It is 
readily dehydrated on heating. 

100. Maignesinm Chloride, MgOl2, cannot readily be 
obtained in the anhydrous state by evaporating its aqueous 
solution to diyness, as the salt suffers partial decomposition 
into hydrochloric acid and magnesia. If, however, the solu- 
tion be mixed with ammonium chloride, a double salt is 
obtained, which may be rendered anhydrous by evaporation; 
and if this be strongly heated, the ammonium chloride is 
expelled, leaving pure anhydrous magnesiimi chloride. The 
salt melts at a dull red heat, and solidifies to a translucent 
mass of flexible plates. It is very deliquescent, and dissolves 
in water with evolution of heatj a concentrated solution 
deposits crystals of the composition MgCI g. GH^O. Magnesium 
chloride forms double salts with the alkaline chlorides; the 



152 isoHOurtc cHSUiarRT. 

potaasium compound is obtained on the large Bcale in the 
concentration of certain biines ; its composition is KCl.MgCIj 
GHjO, The same compound is found in thick layers in the 
salt-beds of Staasfurth, as camallite, and is used as s source 
of potassium chloride (eee p. 115). Several oxychlorides are 
known which solidify on hydration like gypsum, and form 
hard cohesive masses, capable of being polished. The crystal- 
line deposit, which forms in ammoniacal solutions of mag- 
nesium salts and sal-ammoniac, so-called "magnesia mixture," 
has the composition MgCIj.5Mg0.13HjO. 

101. MagneBium Biomide, Mg Br^, is found in sea-water 
and in many mineral springs ; it strongly rraembles the 
chloride. 

103. Hagnesiiun Sniphate, MgSO,. — This important salt 
occurs in sea-water and in many mineral springs. It is 
occasionally met with in nature crystallised, constituting the 
mineral known as Epeomite or hair salt ; it occurs in com- 
pact masses, as Reiehiwdite, in the Staasfurth salt mines. It 
is prepared on the large scale by calcining dolomite, washing 
the mass with water, to remove the greater portion of the 
more soluble lime, and treating the residue with dilute sul- 
phuric acid, which dissolves out the magnesia. By crystal- 
lization the magnesium sulphate ia readily obttuncd pure. It 
is soluble in about its own weight of water at ordinary tem- 
peratures. As usually procured it contains 7 molecules of 
water, 6 of which are expelled on heating to 150° ; the 
heptahydrated salt is isomoqihous with the corresponding 
sulphates of zinc and nickel, and with magncBlum ohromate. 
Fig. 121 represents one of its most characteristic forms. 
. Occasionally a strong solution deposits the 
heptahydrated salt in monoclinic prisms. If 
0. concentrated solution be left to crystallise at 
30", the hexhydrated salt MgS0,.6H„0 is ob- 
tained in monoclinic crystals ; a monohydrated 
I salt, MgSO^.HgO, occure as a natural product 
ill the so-called ahraum galz of the Stassfurth 
(wtash works, and is known as kieserite. It is 
used in wool-washing and in the manu&cture 
, Fig. 121. of "permanent white" by precipitation with 
it'ium chloride. A number of compounds of magnesium and 
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alkaline sulphates may be obtained, which generally contain 6 
molecules of water of crystallization. They may be regarded 
as derived from the heptahydrated salt by the substitution of 
a molecule of the alkaline sulphate for the molecule of the 
water of constitution, i.e.y that which is retained on drying 
the salt at 150° (see Vol. I., p. 113). The potassium salt 
KgSO^MgSO^.CHgO is obtained in the concentration of brine 
from sea-water. An analogous sodium salt with 4 molecules 
of water is found in the Stassfurth salt-beds, and is known as 
astracanite. Magnesium sulphate also crystallises with the 
other isomorphous heptahydrated salts, forming so-called covi- 
poaite or coupled salts, The magnesium-ferrous sulphate has 
the formula MgFe(S04)2.14H20. A potassium calcium-mag- 
nesium-sulphate, lA.g(u2L^2^^^4;^^2^y ^ found native, and 
is known as polyhalite, 

108. Magnesium Nitrate, Mg(N03)2, ^ occasionally found 

in well waters, and is readily procured by dissolving the oxide 
or carbonate in nitric acid and evaporating. It is readily 
soluble in water and alcohol, and may be obtained from its 
solutions crystallised with 6 molecules of water or of alcohol. 

104. Trimagnesium Orthophosphate, Mg3P20g, is an im- 
portant constituent of the inorganic portion of many plants 
and seeds, as for example of the grain of wheat. It is also 
found in the bones of animals and in certain animal 
concretions. Ammonium - dimagnesium orthophosphate, 
(NH4)2Mg2PQOg.l2H20, is formed by mixing ordinary 
sodium phosphate with magnesium salts containing ammonium 
chloride and ammonia. When precipitated from dilute solu- 
tions the salt is obtained crystalline : it is highly insoluble 
in water containing ammonia. This salt constitutes the so- 
called fusible calculus ; it is deposited from putrefying urine, 
and is occasionally met with in guano. When ignited it 
parts with ammonia and water, and is converted into mag- 
nesium pjrrophosphate, Mg2P207. 

106. Magnesium Carbonate, MgCOs, occurs native in 
rhombohedral crystals, as talc-spar. It may be obtained 
artificially by mixing solutions of sodium carbonate 
and magnesium sulphate or chloride, and treating the 
precipitate with carbonic acid. The magnesium carbonate 
dissolves, and on evaporating the solution the salt is obtained 
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in minute crystals isomorphons with those of aragonite. By 
conducting the evaporation at diflferent temperatures various 
hydrated carbonates may be formed. The magnesia alba of 
the shops is a mixture of the carbonate and hydrate, prepared 
by mixing solutions of Epsom salts (magnesium sulphate) and 
sodium or potassium carbonates. The relative proportion of 
the hydrate and carbonate varies with the strength of the 
solutions and the temperature at which the mixture is mada 
A basic carbonate of the composition Mg(HO)2.3(MgC03.H20) 
is found native as hydro-magnesite. 

Dolomite is a mixture of magnesium and calcium carbon- 
ates. It is exceedingly abundant, many mountain ranges 
being composed almost exclusively of it. It is used as a 
source of magnesium compounds. If finely-powdered dolo- 
mite be heated to redness in a closed space the magnesium 
carbonate is decomposed and carbon dioxide is expelled. If 
the residue be then treated with carbon dioxide under pres- 
sure, magnesium carbonate goes into solution, very little of 
the calcium carbonate being dissolved : on boiling the clarified 
solution the magnesium carbonate is deposited. A still 
simpler process consists in treating the finely-ground dolomite 
with an aqueous solution of carbonic acid in a horizontal 
rotating cylinder and under a pressure of 5 or 6 atmospheres. 
The solution, after standing, is run into a vertical cylinder 
and treated with steam, whereby the magnesium carbonate 
is precipitated. 

106. Magnesium Silicates. — A number of these bodies 
occur naturally and constitute important minerals. The fol- 
lowing are among the best known : — 

Dima^r^vmj SUicate or OlMn. j ^^^^^^^ ^ Mg<;^>i<(^Mg 

Monomagnesium Silicate or Augite, {enstatUe), MgSiO; 
TrimagnQsium Tetrahydrogen Trisilicate or Serpent 




TnmagnQsium Tetrahydrogen iTisilicate or iSerpemtne, Mgsci^Wo 
Dimagnesium Tetrahydrogen TrisiUcate or Meerschaum, Mgj^^Sifig 
Trimagnesinm Tetrasilicate or Steatite, M-g^Hifii^ 
Tetramagnesium Pentasihcate or Talc, Mg^SigO^s 

Compounds of magnesium heated with cobalt nitrate in 
the non-luminous Bunsen flame yield a rose or flesh-ooloured 
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mass. In solution they afford no precipitate with sulphuretted 
hydrogen or ammonium sulphide; with the fixed alkalies or 
their carbonates they yield a precipitate of the hydrate or 
carbonate soluble in ammonium chloride solution. Lime or 
baryta-water precipitate magnesium hydrate. Sodium phos- 
phate yields magnesium phosphate ; in presence of ammonia 
magnesium ammonium phosphate, MgNH^PO^ is formed. 



107. Calcium — Symbol Ca; atomic weight 40. — Com- 
pounds of this element are very abimdant and are widely 
distributed : among them may be enumerated the carbonate 
which exists as chalk, limestone, marble, calc-spar, etc.; the 
sulphate as gypsum and selenite; the fluoride as Jluor-spar; 
and the phosphate as apatite and bone earth. The metal 
was first isolated by Davy. It is best obtained by heating 
calcium iodide with sodium in a covered iron crucible, or by 
electrolysing a fused mixture of calcium and strontium 
chlorides containing ammonium chloride. It is a yellow 
metal of specific gravity 1*58, somewhat resembling gold in 
colour ; like that metal it is very ductile and malleable ; it 
gradually tarnishes even in dry air, and is quickly oxidised 
in presence of moisture ; it decomposes water with rapidity 
with the evolution of hydrogen gas and the formation of 
calcium hydrate. Strong nitric acid has no action upon it 
in the cold, but the diluted acid dissolves it readily. 

108. Calcium Monoxide or Lime, CaO. — This compound is 

best obtained, when required pure, by strongly igniting the 
artificial carbonate, made by mixing solutions of calcium 
chloride or nitrate with ammonium carbonate. It may also 
be made by strongly heating pure marble. The complete 
expulsion of the carbon dioxide requires a long-continued 
heat ; it is more readily accomplished by passing steam, or a 
current of air, over the ignited substance. Lime, when 
pure, is perfectly white and infusible. When strongly 
heated it emits a bright white light; advantage is taken 
of this property in the oxyhydrogen light. On exposure 
to moist air it gradually crumbles to powder, from absorp- 
tion of water and conversion into the hydrate CaHgOg. 
When moistened with water it evolves great heat, from 
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the formation of the same hydrate; by exposure to a red heat 
the water is expelled aad the monoxide is again formed. The 
hydrate is soluble in water, although not to the same extent 
as the hydrates of barium and strontium. Its solubility 
diminishes with the increase of temperature, so that a cold 
saturated solution becomes turbid on boiling; on cooling the 
precipitate is redissolved. It is probable that this phe- 
nomenon is due to changes in the hydration of the substance. 
The solution of calcium hydrate (lime-water) rapidly absorbs 
carbonic acid from the air, and becomes turbid from the for- 
mation of calcium carbonate. 

Lime is obtained on the large scale by roasting masses of 
limestone in kilns, in which the limestone is introduced at 
the top, and when calcined is allowed to fall out at the bottom, 
the expulsion of the carbon dioxide being effected by the heat 
of a fire placed at the side of the furnace. Lime is principally 
used for making cements and morta/ra. Mortar is prepared 
by thoroughly mixing slaked lime, made into a paste with 
water, with three or four times its weight of clean sharp sand. 
The sand is added to give cohesion to the mass and prevent 
shrinkage, since the hydrate when dry is apt to faU to pieces. 
The character of the mortar depends greatly upon the lime 
used. A limestone containing much magnesium or aluminium 
silicate yields what is technically known as poor lime; such 
lime slakes slowly and evolves little heat on hydration. The 
smaller the amount of impurity in the lime the more rapidly 
does it slake, and the greater is the rise of temperature 
accompanying its hydration. Siliceous limestones require 
great care in burning, otherwise the calcium silicate which is 
formed partially fuses and the surface becomes vitrified, so 
that hydration takes place but slowly; such lime is said to 
be dead-burnt The hardening of morbar is due to several 
causes, viz., to the drying of the mass, to the conversion of a 
portion of the lime into carbonate by absorption of atmos- 
pheric carbonic acid, and to the formation of a hydrated 
calcium silicate by the union of the lime with the silica of 
the sand. The conversion of the free lime into carbonate is 
never complete, even after the lapse of very long periods of 
time. Mortar taken from the Pyramids has been found to 
contain a considerable quantity of uncombined lime. 
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Ordinary morfcar cannot be used for structures which are 
in continual contact with water, such as breakwaters, quays, 
piers of bridges, etc., as it is apt to soften and become disin- 
tegrated in consequence of the gradual dissolving away of the 
lime. Certain argillaceous limestones are found to yield lime 
which hardens under water and resists its solvent action com- 
pletely. Hydraulic mortar is made by calcining a mixture 
of levigated chalk and clay at a moderately high tempera- 
ture. Portland cement is prepared in this manner. Roman 
cement is a hydraulic mortar containing about 30 per cent. 
of clay. Puzzuolana is a volcanic product composed of 
silicates of alumina, lime, and alkalies, found at Puzzuoli, 
near Naples; it is also obtained from the Apennines, and in 
the neighbourhood of Rome. When ground and mixed with 
lime it forms a hydraulic mortar of great value; this mixture 
was employed by the Eomans in the construction of many of 
their buildings. Hydraulic mortars are essentially basic 
silicates of lime and magnesia, and they "set" by virtue of 
their power of absorbing and combining with water. In the 
act of hydration no very considerable rise of temperature is 
observed, nor does the mass increase much in bulk; the 
rapidity with which it sets depends upon the proportion of 
clay which it contains. 

Lime is used to a considerable extent in agriculture. It 
assists in the disintegration of soil and promotes the decom- 
position of peaty matter. It is employed in many manufac- 
turing operations, e,g.y in removing the hair from hides 
preparatory to their being tanned, in the purification of coal- 
gas, in the manufacture of bleaching powder, etc. 

109. Calcium Dioxide, CaOg, unlike the corresponding 
barium compound, cannot be obtained by heating the mon- 
oxide in oxygen gas. The hydrated dioxide, CaOg-SHgO, 
may be prepared by adding lime-water to a solution of 
hydrogen dioxide. It is permanent when dry; when heated 
to 100^, it is converted into the anhydrous dioxide, which is 
a pale buff-coloured powder, very sparingly soluble in water. 

110. Calcium Chloride, CaClg, has been found to occur at 
Guy's Cliffe in Warwickshire, and exists in many mineral 
waters. It is easily made by the action of hydrochloric acid 
on marble or chalk, and is thus obtained as a bye-product la 
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the manufacture of carbon dioxide (Vol. I., p. 239). It is also 
formed in preparing ammonia from lime and sal-ammoniac. 
A concentrated solution of the chloride deposits crystals con- 
taining six molecules of water. On redissolving this hydrate 
in water, great cold results; when mixed with snow the 
temperature sinks to - 40^. When heated to 200^ it forms 
a porous mass which is exceedingly hygroscopic, and is of 
great use in drying gases and in dehydrating certain liquids. 
It fuses at 723°; it combines with ammonia gas, and dis- 
solves readily in alcohol, forming a crystalline compound. 

111. Calcium Pluoride or Fluor-spar, CaFg, occurs i^ 

well-defined cubical or octahedral crystals of various colours, 
accompanying lead ores in Cornwall. Cumberland, and Derby- 
shire. It is found in bones aud teeth, and is present in more 
or less quantity in many minerals, such as tourmallney topaz, 
Jtv^or-apatite, etc. Many varieties of the fluor-spar, when 
gently heated, become phosphorescent. When strongly 
heated the fluoride melts; whence its application as a flux 
in smelting metals; hence, too, its name of fluor-spar. 
When heated with strong sulphuric acid it yields hydrofluoric 
acid; this mineral, indeed, affords the main source of the acid. 

112. Calcium Sulphides. — The monosulphide, CaS, is a 
white amorphous sparingly soluble substance formed by the 
reduction of the sulphate with charcoal, or by heating lime 
in a current of sulphuretted hydrogen. When heated it 
shines in the dark; hence its old name of Cantoris phos- 
plwrus. The disulphide, CaSg, is obtained crystallised 
with three molecules of water by boiling milk of Ume with 
sulphur. If an excess of sulphur be taken, and the boiling 
be long continued, the pentasulphide CaSg is formed. The 
sulphydrate CaHgSg may be procured by passing sulphur- 
retted hydrogen into milk of lime. It is permanent only in 
solution. An oxysulphide, 2CaS.CaO, is contained in 
recently lixiviated " soda waste.'* Orange-coloured acicular 
crystals of the composition 4CaO.CaS04,18H20 sometimes 
separate out by long standing from the oxidised liquors in 
the sulphur recovery process; similar crystals may be obtained 
by treating milk of lime with sulphuretted hydrogen, filtering 
and allowing the solution to stand in an air-tight vessel. 

113. Calcium Sulphate^ CaSO^, occui*s naturally as anliy- 
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dHte; combined with two molecules of water it constitutes 
the mineral selenite. Gypsum and alabaster are varieties 
of calcium sulphate. This salt is frequently found in well 
and in river waters; such waters are nit softened by boiling, 
and, accordingly, are said to be " permanently hard." When 
used for generating steam they occasionally deposit the sul- 
phate on the sides of the boiler as a hard coherent crust, the 
formation of which is facilitated by the circumstance that the 
salt is less soluble in boiling water than in water at common 
temperatures. At about 200® the sulphate parts with its 
water of crystallization and forms a friable mass which, when 
powdered, constitutes plaster o/Fa/ris, The dried sulphate, 
when made into a paste with water, gradually solidifies, from 
the combination of the water, to form the hydrated salt; in 
the act of hydration a considerable rise of temperature is 
observed. If the sulphate be heated much beyond 200® it 
contracts and loses the power of setting when mixed with 
water, but if small quantities of potassium sulphate, or alum, 
or borax, be added to it, it may be heated nearly to redness 
without loss of this property. The mixture sets slowly, but 
it ultimately becomes very hard, and is susceptible of a high 
polish, 

114, Calcium Nitrate, Ca2N03.4H20, is a highly de- 
liquescent salt, readily soluble in alcohol. It is occasionally 
found in natural waters, and is produced in the decomposition 
of nitrogenous organic matter in presence of lime or its 
carbonate. 

lis. Calcium Phosphide, Ca^Px, is formed by passing 
vapour of phosphorus over strongly heated lime. It is a 
reddish brown substance which, when thrown into water, 
evolves spontaneously-inflammable hydrogen phosphide (Vol. 
I., p. 369). 

116. Calcium Phosphates. — The monometaphosphate 

CaPgOg is an insoluble white powder obtained by dissolv- 
ing calcium carbonate in orthophosphorio acid, evaporating, 
and heating the residue to 320^ The dimetaphosphate 
Ca2P40i2.4H20 may be obtained crystallised by mixing solu- 
tions of the corresponding sodium salt and calcium chloride. 

Monocalcium orthophosphate, CaK^T^OQ, may be ob- 
tained in thin crystalline scales containing one molecule of 
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water by concentrating a solution of the tricalcium salt in 
nitric or hydrochloric acid. It has an acid reaxstion and is 
readily soluble in water. The salt melts when heated and is 
converted into the insoluble metaphosphate. The super- 
phosphate of lime of commerce, which is used extensively as 
a manure, is a mixture of monocalcium phosphate and calcium 
sulphate obtained by treating ground bones with oil of vitriol. 

A dicalcium orthophosphate of the composition Ca2H2P203. 
4H2O, is found in certain concretions met with in the ureters 
and cloaca of the sturgeon. It has been found in guano, and 
may be obtained artificially by mixing dilute solutions of 
calcium chloride and sodium phosphate and passing carbon 
dioxide into the liquid : the filtered liquid gradually deposits 
the salt in rhombic plates. 

Tricalcium orthophosphate^ Ca^VJOg, is the best known 
and most important member of tne series. It is the 
principal constituent of the inorganic portion of bones; it 
occurs also in apatite, 3Ca3P20g.CaF2, and constitutes the 
greater portion of the remarkable concretions known as 
" coprolites." It may be formed artificially by adding a solu- 
tion of ordinary sodium phosphate mixed with ammonia to a 
solution of calcium chloride. It is thus obtained as a 
gelatinous precipitate which shrinks greatly on drying, 
lb may be procured crystallised by heating dicalcium pyro- 
phosphate with water under pressure. It is insoluble in 
pure water and dissolves slightly in water containing carbonic 
acid or sodium chloiido. It is readily soluble in concentrated 
nitric and hydrochloric acids, and is decomposed by strong 
sulphuric acid. 

117. Calcium Carbonate, CaCOg, forms a considerable 
portion of the earth's crust, many mountain chains being 
made up of this mineral, either alone or associated with 
magnesium carbonate. The various forms of calc-spar, chalk, 
and marble consist of calcium carbonate : it is the chief con- 
stituent of the shells of birds' eggs, the shells of molluscs, 
and of coral, and it is found in bones together with calcium 
phosphate and fluoride. Lime water exposed to the air 
gradually absorbs carbon dioxide and insoluble calcium car- 
bonate is formed. Carbon dioxide acts very slowly on dry 
Ihne, No substance assumes so many varieties of crystalline 
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shape as calc-spar; but the primary form is that of the rhomb 
into which all the others may be resolved by cleavage. It is 
also formed in six-sided prisms, constituting the mineral 
known as a/ragonite: in this form it is isomorphous with 
strontiamte, Calc-spar has a specific gravity of about 2*7 ; 
the specific gravity of aragonite is about 3*0. When a hot 
solution of a calcium salt is mixed with an alkaline carbonate 
calcium carbonate is precipitated in minute crystals having 
the form of aragonite; if the solutions be cold the crystals 
take the form of calc-spar. The Crystals of aragonite 
gradually change into those of calc-spar, especially if they be 
left in the cold liquid. Calcium carbonate is almost insoluble 
in water, one part of the salt requiring about 10,000 parts 
of cold water for solution. It is much more soluble in solu- 
tions of carbonic acid, but is re-precipitated on boiling the 
liquid, from the expulsion of the carbon dioxida When 
heated, calcium carbonate parts with its carbon dioxide, but 
the complete expulsion of this gas requires a long-continued 
heat. If the carbonate be heated in closed vessels it fuses 
witiiout loss of carbon dioxide, forming on cooling a crystal- 
line mass resembling marble. 

The greater number of natural waters contain more or less 
calcium carbonate held in solution by carbonic acid. By the 
gradual expulsion of this gas the carbonate is deposited in 
tiie form of calc-spar, occasionally combined with 5 mole- 
cules of water (Hsmamelsberg : Salm-Horstmar.) Itain water 
percolating through limestone rocks dissolves the carbonate. 
If in its downwaid passage the solution falls from the roof of 
a cavern, dependent masses of carbonate are formed termed 
aUdactUes, owing to the diffusion of the carbon dioxide. If, as 
usually happens, the solution still retains a portion of the gas 
the remainder of the calcium carbonate is deposited on the 
floor on which the water drops; a column of the carbonate is 
thus formed underneath the stalactite, termed a stalagmite ; 
ia process of time the two masses meet and a continuous 
oolmnn is produced. Tu/a is a porous calcareous deposit of 
similar origin, found in volcanic districts : tra/vertine is a more 
eompact variety of the same material. 

The hardness of many natural waters is in great part due 
to dissolved calcium carbonate. On boiling, the chalk is de- 
10—11. i^ 
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posited owing to the escape of the carbon dioxide; such 
waters are said to be " temporarily hard." The deposition of 
this carbonate on the sides of steam boilers is frequently a 
great inconvenience, owing to the low thermal conductivity 
of the cake or coherent deposit. Many plans have been de- 
vised for obviating or abating the evil. One of the most 
efficacious consists in adding a small quantity of sal-am- 
moniac to the water. Calcium chloride and ammonium 
carbonate are formed by double decomposition; the former, 
being a highly soluble salt, remains in solution, the latter is 
volatile and escapes with the steam. In the other methods 
the deposit is prevented from becoming coherent : the car- 
bonate is precipitated, but it either remains in suspension or 
falls down as a loosely aggregated powder. It has been 
noticed that the latter result may be produced by throwing 
a few scraps of zinc into the water. 

" Temporarily hard" water may be softened by " liming,** 
that is, by adding lime to the water in sufficient quantity to 
combine with the dissolved carbon dioxide. The mode in 
which calcium carbonate is held in solution in natural water, 
and the method of softening it by the addition of lime, were 
first indicated by Cavendish. 

118. Calcium Silicates. — ^The monosilicate or metasili- 

cate CaSiOg occurs native as tahuUx/r-spa/r or WoUasUmUe in 
monoclinic crystals; it may be obtained artificially by mixing 
solutions of calcium chloride and sodium silicate. Okenite is 

a naturally-occurring calcinm tetrahydrogen disilioate, 

CaH^SigOy, or 

\si-0-Si^ )Ca 
OH OH. 

Diopside is a calcium magneBium disilicate; CaMgSigO^. 

Most compounds of calcium, especially when moistened 
with hydrochloric acid, impart an orange-red colour to the 
non-luminous gas flame, which, in the spectroscope, affords 
characteristic lines in the green and a bright line in the 
orange. 

Sulphuretted hydrogen or the alkaline sulphides give no 
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precipitate with solutions of calcium salts. The normal 
alkaline carbonates afford a white precipitate of calcium 
carbonate; the acid carbonates give no precipitate until 
the solutions are boiled; ammonium oxalate yields calcium 
oxalate, practically insoluble in water and in dilute acetic acid, 
readily soluble in nitric or hydrochloric aoids. Hydrofluo- 
silicic acid and potassium chromate give no precipitates. 



119. Strontiam. — Symbol Sr; atomic weight 87-6. — ^This 
element derives its name from Strontian, in Argyleshire, 
where the carbonate was first discovered. The existence 
of the new element was indicated by Hope in 1793. Its 
principal naturally-occurring compounds are the sulphate 
or ecdeatin, and ijie carbonate or etrontianite. The metal, 
which was first isolated in an impure state by Davy in 1808, 
has a yellow colour; its specific gravity is about 2*5; it is 
rapidly oxidised on exposure to air, and decomposes water 
with evolution of hydrogen and formation of the hydrate. 

The monoxide, SrO, is a white infusible powder, ob- 
tained by igniting the nitrate or carbonate. It slakes with 
water and forms the hydrate SrHgOg. Strontium hydrate 
dissolves in 2^ parts of boiling water, and in about 50 parts 
of cold water; its solution deposits crystals of the composition 
SrH^02.8H20. The dioxide, SrOg, cannot be formed by 
heating the monoxide in oxygen; it may be obtained crystal- 
lised with eight or twelve molecules of water by mixing 
solutions of a strontium salt and sodium peroxide. At lOO'' 
the crystallised hydrate parts with its water; the dehydrated 
dioxide is thus obtained as a white powder almost insoluble 
in water. 

120. Strontium Chloride, Sra2.6H20, is formed by dis- 
solving the carbonate in hydrochloric acid, or by converting 
the sulphate into sulphide by reduction, and treatiQg the 
reduced mass with hydrochloric acid. It is readily soluble 
in water and alcohol. Its solution in the latter liquid bums 
with a red flame. It fuses at 829°. 

121. Strontinm Sulphate^ SrSO^.— Crystals of this com- 
ponnd resembling those of caelestin may be formed by fusing 
potassium sulphate with strontium chloride. It is obtained 
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as a white powder by adding sulphuric acid to a solution of 
a strontium salt It is very sparingly soluble in cold water, 
and still less soluble in hot water; 1 part of the salt requires 
about 7000 parts of cold water, and 9600 parts of boiling 
water for solution. 

The sulphides and sulphydrates resemble the corresponding 
barium compounds. 

122. Strontinm Nitrate, Sr2N03, resembles the barium 
salt. It may be obtained crystallised with four molecules of 
water; imlike the corresponding lime salt it is nearly in- 
soluble in alcohol. It is principally used in the manufacture 
of red firey which is a mixture of the dried salt, flowers of 
sulphur, potassium chlorate, charcoal, and antimony sulphide. 

123. Strontium Carbonate, SrCOg. — Strontianite is iso- 
morphous with witherite and aragonite. As artificially pre- 
pared, by the addition of a solution of an alkaline carbonate 
to a solution of a strontium salt, it is a white powder almost 
insoluble in water, but soluble to some extent in solutions of 
carbonic acid. 

Salts of strontium colour the Biinsen flame a beautiful 
carmine red, which, on examination by the spectroscope, 
affords a somewhat complicated spectrum containing a 
characteristic blue line between P and G, and a red line 
nearly coincident with C. Solutions of strontium salts yield 
the sparinglyHSoluble strontium sulphate on the addition of 
dilute sulphuric acid; they give no precipitate with acid 
potassium chromate or silicofluoric acid; by the latter 
reactions strontium may be distinguished from barium* 
Strontium salts are not precipitated by sulphuretted hydro- 
gen or alkaline sulphides; with ammonium carbonate they 
yield strontium carbonate. 



124. Barinm — Symbol Ba; atomic weight 137-2. — Baryta, 
the monoxide of this element, was flrst recognised as distinct 
from lime by Scheele, in 1774. The principal naturally- 
occurring compounds of barium are the sulphate or heamy" 
apa/Ty and the carbonate or witherite; barium salts are found 
in certain mineral waters, e.g,y those of Harrogate. The 
metal was isolated by Sir H. Davy in 1808. It has a yellow 
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colour, is readily fusible, has a specific gravity of 4*0, oxidises 
on exposure to air, and decomposes water with rapidity. 

125. Barium Monoxide, BaO, is obtained by strongly 
heating barium nitrate or carbonate. It is a greyish-white 
powder of specific gravity 5*4; it is strongly alkaline, and is 
highly poisonous. When heated in the vapour of sidphur 
trioxide, it forms barium sulphate, BaSO^. It dissolves in 
water, forming barium hydrate, which, by concentration of 
the solution, is obtained in transparent colourless crystals of 
the composition BaHgOg.SHgO. The solution is highly 
caustic, and rapidly absorbs carbonic acid from the air. 
"When heated in the air, or in oxygen, it loses water and is 
converted into the dioxide BaOg. This compound is a 
greyish-coloured fusible powder, which, when strongly heated, 
parts with half its oxygen, and forms the monoxide. 

This alternate formation and decomposition of the dioxide 
Las been proposed as a means of obtaining oxygen from the 
air. Air freed from carbon dioxide is passed over moderately 
heated barium monoxide, which is thereby converted into the 
dioxide; on raising the temperature the dioxide parts with 
oxygen, and the monoxide is regenerated. The evolution of 
the oxygen is facilitated by passing steam over the heated 
dioxide. 

Barium dioxide readily parts with its oxygen when warmed 
with strong sulphuric add; if the temperature does not exceed 
60^ or 70°, a portion of the oxygen is evolved as ozone. 
When the dioxide is mixed with acidulated water hydrogen 
dioxide is formed (Vol. I., p. 144), if certain oxides, e,g,^ 
those of silver, manganese, lead, etc., be added to the liquid, 
oxygen is formed, and the oxides are reduced. 

126. Barium CUoride, BaClg, is obtained by dissolving 
the native carbonate in hydrochloric acid, or on a lai'ge scale 
by heating a mixture of barium sulphate and calcium chloride, 

BaS04 + CaOia = BaClj + CaS04. 

By treating the fused mass with hot water, and filtering 
rapidly, the barium chloride may be easily separated from 
the sparingly-soluble calcium sulphate. Barium chloride 
ciystfdlises with 2 molecules of water; it has a bitter 
taste, and is highly poisonous. It dissolves in about 3 parts 
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of water at 0^, and in about twice its weight at ordinary 
temperatures. 

127. Barium Sulphide, BaS, is formed by heating the mon- 
oxide in stdphuretted hydrogen gas or in the vapour of carbon 
bisulphide, or by ignitmg the sulphate in a stream of hydro- 
gen, or by heating the sulphate with one-third of its weight 
of bituminous coal. A mixture of the sulphide and the sul- 
phate, obtained by heating the latter substance with an in- 
sufficient quantity of carbonaceous matter, is known as the 
Bolognicm phosphorus^ from its power of shining in the 
dark after exposure to the sun's rays. Barium sulphide is a 
white powder, readUy soluble in water with formation of the 
hydrate and sidphydrate — 

2BaS + 2HaO = BaHjO j + BaHjS j, 

128. Barium Sulphate, BaSO^, occurs in nature as the 
mineral hea/vy-spa/r or harytes (Ijapvc, heavy: in allusion to 
its high specific gravity), and is readily formed by adding 
sulphuric acid or a soluble sulphate to solutions of barium 
salts. It is almost insoluble in water and in dilute acids. 
When concentrated, the mineral acids take up larger quan- 
tities. The solution in sulphuric acid yields an acid salt, 
BaHg (804)0 ,which is decomposed on the addition of water. 
Barium sulpiate is used to some extent as a pigment under 
the name oi permcment white, 

129. Barium Nitrate, Ba2N03, may be formed by dis- 
solving witherite in nitric acid, or by heating together 
solutions of sodium nitrate and barium chloride. The salt 
dissolves in about twelve parts of water at ordinary 
temperatures: it crystallises in regular octahedrons. When 
moderately heated it melts, and at a high temperature it is 
decomposed with formation of barium monoxide. 

130. Barium Carbonate, BaCOg, is found native as 
witherite, and may be prepared by mixing solutions of an alka- 
line carbonate and barium chloride or nitrate. Although 
almost insoluble in water, it is very poisonous. It may be 
heated to redness without decomposition, but in presence of 
vapour of water, or by the addition of charcoal or lime it 
readily parts with carbon dioxide. 

Barium compounds give a greenish-yellow colour to the 
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Bunsen fiaaae. On examining the light by the spectroscope, 
it is seen to afford a complicated spectrum consisting of four 
well-defined lines in the green, three in the yellow, and a 
broad band in the orange. 

Solutions of barium salts give no precipitates with sul- 
phuretted hydrogen, ammonium sulphide, or ammonia; 
ammonium carbonate throws down barium carbonate; 
ammonium oxalate yields barium oxalate, sparingly soluble 
in water and in acetic acid. Solutions of calcium or stron- 
tium sulphates give a white precipitate of barium sulphate, 
almost insoluble in hydrochloric acid, slightly soluble in 
nitric acid. HydrofluosiUcic a«id gives a crystalline preci- 
pitate of barium silicofiuoride, BaSiF^, sparingly soluble in 
water ; potassium chromate, especially with the acetate, gives 
a yellow precipitate of barium chromate, BaCrO^. 



181. Copper. — Symbol Cu {Cuprum); atomic weight 63*4. 
— Copper has been known from very early times, and was 
used for the manufacture of tools and weapons long before 
the discovery of methods for the extmction of iron. The 
island of Cyprus formerly furnished large supplies of the 
metal, hence its name of (Es Cyprium, or the Cyprian bronze^ 
by which it was known to the Romans ; this was ultimately 
shortened to cuprum, from which is derived the name by 
which the metal is now known to us. By the alchemists it 
was desiimated by the symbol of the planet Venus $. 
Copper k found n/tive in rhombic dodecaMrons, in filiform 
pieces, or in thin laminsB in many parts of Wales, Cornwall, 
in Siberia and in South America ; and in large masses in the 
neighbourhood of Lake Superior. The principal ores of the 
metal are the red and black ooddes, found in Cornwall, Cuba, 
South America, and Australia; the green and blus carbonates 
foimd in Siberia, South Australia, and in North and South 
America : copper pyrites or yellow ore found in quantity in 
Devon and Cornwall, Saxony, Sweden, Siberia, Cuba, and 
Australia ; grey ore, a mixture of sulphides of copper, iron, 
arsenic, and antimony, occurring in Cornwall and Saxony. 
A hydrated silicate known as chrysocoUa and a hydrated oxy- 
cbloride, termed atacamitef are occasionally employed as ores. 
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The chief ee&t of the copper ameltiog isdustry in this 
conntry is m South Wales, more particularly m the neigh- 
bourhood of Swansea. Ores from all parte of the world are 

here smelted, the different vanetiea being mixed, or added 
at various stages of the staeltmg, so as to facilitate the 
extraction of the metal The ore is first calcined in a rever- 
liLiatoi 7 luruiLC (hg 122), th matLndlb being so mixed that 
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the charge of about three tons of sorted ore contains from 
eight to twelve per cent, of copper. It is introduced by 
means of the hoppers, c c (which are closed during the roasting 
with fire-clay tiles), and is spread evenly over the fire-brick 
hearth. It is heated gradually by the reverberating flame 
from the fireplace, and is stirred from time to time by rakes 
introduced through the doors, ee; & large proportion of the 
sulphur and arsenic are thus expelled as oxides; a certain 
portion of the iron becomes converted into ferric oxide, and 
at the same time suboxide of copper is formed in small 
quantity. In from twelve to twenty-four hours the charge 
18 raked through the holes kk, which are closed by tiles 
during the roasting, into the chamber m, in which it is 
cooled by throwing water on it. The fuel mainly used is 
anthracite mixed with bituminous coal : the heat afforded by 
the combustion is so intense that it is necessary to protect 
the fire-bars by coating them with fused coal-ash or clinker. 
Carbon dioxide is first formed by union of the oxygen of the 
air with the carbon of the fuel : in contact with the incan- 
descent coal an additional quantity of carbon is taken up, 
with the production of carbon monoxide, which ignites at 
the surface of the mass of fuel, yielding a large spreading 
flame. Other forms of furnaces are in use, some of which 
permit of a separation of the products of combustion from the 
sulphur dioxide, so that the latter gas can be used for the 
manufacture of sulphuric acid. 

The calcined ore is next melted with what is known as metal' 
slag, a silicate of iron containing small quantities of copper, 
obtained in a subsequent stage of the smelting process, and, 
of course, from a previous operation. Figs. 124 and 125 
represent the melting or ore funmce, the hearth of which 
18 composed of a mixture of sand and slag cemented together 
by fusion. The charges of calcined ore, mixed with a small 
quantity of raw ore, consisting of carbonates or oxides of 
copper, and containing more or less silica as quartz, are intro- 
duced through the hopper c, and the metal slag is thrown in at 
the opening / at the back of the furnace. After heatiug for 
about five hours the whole mass becomes molten, when it 
separates into two layers, the upper one of which consists of a 
slag of silicate of iron {pre-fumace slag), and the lower one of 
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an impure copper snlphide or matt of coant metal The 
slag is drawn off throngh/, and the regtduB of copper sulphide 
is ran out through the tap-hole k into an iron box, mth 
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perforated bottom, standing in a cistern of water, in order 
to granulate it; occasionally, however, the coarse metal is 
cast in sand moulds, and is afterwards broken up under 
rollers. During this stage of the process the ferric oxide 
formed during the calcination is removed by the silica as a 
slag : its removal is facilitated by the introduction of the 
siliceous copper ores free from sulphur. The suboxide* of 
copper formed during the calcination, and the copper present 
in the added metal-slag, react upon the ferrous sulphide still 
present in the roasted ore, forming copper sulphides and 
ferric oxide, which is also removed as a silicate. The coarse 
metal, crushed or granulated, is then roasted in a furnace 
in order to convert the remainder of the iron sulphide 
into oxide; and the calcined coarse metal is melted with 
copper ores, free from sulphur, together with the slags ob- 
tained in the final stages of previous operations. The con- 
tents of the furnace arrange themselves into two layers : the 
upper one consisting of metal-slag, and the lower one of 
fine or uihiU metalf or copper sulphide, containing about 
three-fourths of its weight of copper. It is necessary to ap- 
portion the constituents of the charge with judgment, since, 
if the amoimt of copper, oxide added be excessive, a certain 
proportion of metal separates out, together with more or less 
red oxide, forming a product known as pimple copper. If, on 
the other hand, the proportion of added ore be too small, more 
or less iron is left in the regulus, and bltie metal is formed. 
The fine metal is then roasted in a reverberatory furnace, in 
order to convert a portion of the copper sulphide into copper 
oxide and sulphur dioxide ; the copper oxide then reacts upon 
the remaining sulphide, in accordance with the equation 
Cu^S + 2CuO = 4Cu 4- SOg : metallic copper being formed and 
sulphur dioxide expelled. A certain quantity of slag, techni- 
cally known as roaster slag, is also formed; it is very rich in 
copper and is worked up with the next charge of coarse metal. 
The copper is run out into sand moulds; as it solidifies con- 
siderable quantities of sulphur dioxide escape, which give 
to the metal a peculiar vesicular appearance; hence its name 
of blister-copper. It rarely contains above 95 per cent, of 
copper, the impurities mainly consisting of iron, lead, tin, 
arsenic, antimony, bismuth; and sulphur. To refine it the 
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metal is heated in air in order to expel the arsenic and sul- 
phur as oxides ; afterwards it is melted and the slag which 
forms is skimmed off; the copper absorbs oxygen and is 
partially converted into oxide. A layer of anthracite dust 
or ground charcoal is now thrown over its surface, and the 
molten mass is stirred with a pole of green oak or birch. 
The metal in proximity to the wood appears to boil, and 
quantities of gas and steam are evolved. These gases, 
mainly hydrocarbons, produced from the wood by heat from ■ 
the metal, reduce the oxides of copper, and are themselves 
converted into carbon dioxide and water. This operation of 
poling requires care, since, if continued too long, the copper 
becomes brittle ; if, on the other hand, too large a proportion 
of suboxide be left in the metal, it also becomes brittle, and 
breaks with an uneven coarse-grained fracture of a purplish- 
red colour ; and, when cast, the pigs present a peculiar longi- 
tudinal depression upon their suriace. Tough-pitch copper, 
t.e., properly poled copper, is soft and malleable, and 'possesses 
a lustrous silky fracture. If the copper is intended to be 
rolled into sheets, a small quantity of lead is added before it 
is cast into ins^ots. Occasionally the metal is poured into 
hat water, when it forms what is known as heaShot copper; 
if poured into cold water, featheredrshot copper is obtaraed. 
In the manufacture of the purest variety of commercial copper, 
only those pigs are employed which are obtained towards the 
conclusion of the tapping. The copper obtained in the first 
castings contains the greater portion of the lead, nickel, 
arsenic, antimony, tin, etc., still remaining in the metal ; it 
is refined by roasting and smelting, and is then known as 
tile copper. The purer pigs obtained in the first casting 
are refined in a similar manner, and yield a product contain- 
ing but slight quantities of foreign metals, and known as 
heat-selected copper. Rosette copper is obtained in thin plates 
of a characteristic dark-red colour by throwing water upon 
the surface of the molten metal, and removing the crusts of 
solidified metal as they are produced. Japan copper is cast 
into ingots, weighing from six ounces to a pound, which are 
quickly cooled after casting by throwing them into water, 
whereby they acquire a purple-red tint. Both varieties owe 
their colour to the formation of a coating of the red oxide. 
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In many parts of the Continent, more partioularly ia 
Sweden, Saxony, and RuBsia, where fuel is scarce, copper ores 
are smelted in blast furnaces instead of in reyerberatory fur- 
naces, as in the so-called " Wdsh method" above described. 
The ores are first calcined m pyra- 
midal Ikeapa or in kilns, and a miT 
ture of the calcined ore with coal or 
charcoal and blach-copper slag, ob- 
tained at a subsequent stage of the 
process, is introduced into the ore 
Jiimaee, seen in fig 126 This fur 
nace is about twenty feet high, and 
is provided with three or four hon 
Eontal twyers a, placed m the arch 
/of the back wall A regulus, con 
taining about twenty-five per cent, of 
copper, gradually collects m the i 
hefu^, togethei with a slag consist- 
ing essentially of ferrous silicate, i 
which is run out at intervals into i 
sand moulds, and afterwards sorted 
to separate any regulus which it may contain 
the hearth is tapped, and the regulus is cast i 
the blocks, when cold, are broken up Emd 
loaated in kilns I^Le roasted mass is 
fused in a small blast furnace (fig 127), 
vich about a tenth of its weight of ore- 
furnace slag, the same quantity of quartz 
or highly siliceous copper ores, and tvtice 
the quantity of roasted tlun reguhis, ob 
tained at the same stage in previous 
operations. The products of this stage 
are Uach-copper »lag, a portion of whi^ 
IB afterwards worked up m the ore for- 
iiace ; thin regubis, which contains from 
60 to 70 per cent of copper, and which, 
after roasting, is returned to the furnace 
with subsequent chuges , and lastly, Fig 127 

htadc copper, an unpure metal correspondmg to the blist«r 
copper of the Welsh process, the colour of which is due to a 
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corering of the bla4^ oxide. The black copper is refined by 
melting it with charcoal, or coal and ground quartz^ in a small 
blast furnace (fig 128) , a siliceoua elag ia gradually formed, 
vhich contains the 
greater portion of the 
metals unexpelled as 
oxides by the action 
of the blast; beneath 
this Blag the refined 
metal oollecta. From 
time to time a portion 
is -withdrawn; from 
its colour, lustre, and 
malleability the work- 
man ia able to judge 
of the progress of 
the refining operation. 
'V refined, the copper is ladled out into ingot 

ill Diuuuj wjjper-sohists (kup/ervJUefer), containing only 
a relatively small proportion of metal, are extensively worked. 
Owing to their peculiar character, and to the fact of their 
containing a la^^ proportion of bitumen, whicli materially 
facilitates the operation of roasting, and also a notable amount 
of silver which can be extracted by the Ziervogel proeess 
(see Silver, p. 136), these ores can be worked with profit 
even when the amount of copper is not more than three per 
cent. The sorted ore is roasted in kilns, whereby the water, 
bitumen, and a considerable portion of the sulphur, araenic, 
and antimony are expelled. The roasted ore is mixed with 
fluor-Bpar and furnace residues from previous workings, and 
is smelted with coke in the hot-blaet furnace (fig. 129). The 
furnace is about thirty feet high, and is provided with bq 
arrangement for collecting the waste gases, which are used in 
heating the blast or in roasting the ore. The regulus or 
coarse inetal is tapped at a, and runs into wat«r contained in 
the cistern b, the dag is removed at c, and is moulded into 
bricks, which are used for building. The coarse metal, which 
contains about 30 per cent, of copper and from O'l to 0'3 per 
cent, of silver, is broken up and roasted in stalls, and is then 
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smelted in reverberatoiy furnaces with sand and slag, and the 
concentrated metal or " apwrstein^* as the product is termed, 
is granulated hj being run into water. It is next ground, 
roasted, and lixiviated 
with hot water, in 
order to extract the 
silver bythe method of 
Ziervogel. The resi- 
due, consisting mainly 
of oxide of copper, is 
mixed with about a 
tenth of its weight of 
clay and is moulded 
into balls, which are 
dried in heated cham- 
bers, and smelted in a 
blast furnace withcoke 
and a certain amount 
of sand, slag, and iton 
pyrites. The products 
of this stage of the pro- 
oess are black copper, ni^ 
a thin regulus lich 
in copper, which is 
smelted with a subse- 
quent charge, and a ^g* 129. 
slag, which is broken up and hand-picked in order to separate 
oat any regulus which it may contain. The black copper is 
refined in the hearth already described or in reverberatory 
furnaces. 

Considerable quantities of copper are now extracted from 
the burnt iron pyrites obtained as a bye-product in the 
manufacture of oU of vitriol; certain varieties of these ores, 
notably those from Spain, Portugal, and Norway, contain 
from three to five per cent, of copper. The burnt ore, which 
also contains about three per cent, of sulphur, is ground and 
calcined in a reverberatory furnace with about twelve per cent. 
of rock-salt, whereby the copper is converted into cupric 
chloride, and the sodium into sulphate. The soluble salts 
are extracted by lixiviation with hot water, and the copper is 
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precipitated by the addition of scrap-iron. Certain sulphur 
ores contain notable quantities of silver, which is converted 
into chloride by roasting with common salt, the excess of salt 
present dissolves and aids in the solution of the silver chloride, 
feefore treating with scrap-iron, a small quantity of potas- 
sium iodide, or zinc iodide, is added to the liquid, whereby 
the silver is precipitated as iodide; or the silver is thrown 
down, mixed with a certain quaatity of copper sulphide, by 
the regulated action of a stream of sulphuretted hydrogen. 

In the wet process of Hunt and Douglas the roasted ore, 
ground with water to the consistence of mud, is mixed with 
ferrous chloride and common salt ; ferric oxide and cuprous 
chloride are obtained, the latter of which dissolves in the 
brine. On adding scrap-iron to the solution, copper is pre- 
cipitated and ferrous chloride is formed, the solution of which 
is used in the treatment of fresh copper ores. 

Copper has a specific gravity of about 8*92, which is but 
very slightly increased by hammering. It melts at about 
1100°, and expands as it solidifies. It absorbs hydrogen 
when molten, but the gas is expelled as the metal solidifies. 
It is very hard, tough, and elastic, highly malleable, and 
ductile. It is rendered brittle by heating and slow cooling ; 
on heating to redness and plunging it into cold water it be- 
comes soft. It is permanent in dry air at ordinary tempera- 
tures, but in a humid atmosphere containing carbon dioxide, 
it gradually becomes coated with a green deposit of basic 
carbonate. On rubbing, it emits a faint odour ; it possesses 
a nauseous metallic taste. Sulphuric and hydrochloric acids 
have little or no action upon it, even when it is finely divided, 
at ordinary temperatures. On heating, the sulphuric acid is 
decomposed in accordance with the equation, 

Cu + 2S04Ha = CUSO4 + SOj +2HjO, 

a certain quantity of copper sulphide being simultaneously 
formed. Strong hydrochloric acid, on boiling with the finely- 
divided metal, forms cuprous chloride and free hydrogen. 
Concentrated nitric acid has also very little action upon it; 
on diluting with water, nitrogen dioxide is rapidly evolvied 
and cupric nitrate formed, 

8HNOs+Cua=3Ctt2NOa+4HaO + 2NO. 
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The exact nature of the reaction varies, however, as the solu- 
tion of the metal proceeds. As the quantity of copper nitrate 
increases, and the acid becomes weaker, nitrogen monoxide, 
and, eventually, pure nitrogen are produced. Copper is gradu- 
ally acted on by solution of ammonia in presence of air, and 
the oxide produced dissolves with the formation of a blue 
solution. (For alloys of copper, see Bronze, Brass, Bell- 
metal, etc.). 

Cu— H 

132. Copper Hydride, CuH or CugHg = | , is obtained 

Cu— H 
as a reddish-brown powder by heating cupric sulphate with 
hypophosphorous acid. It is decomposed by heat and ignites 
in chlorine gas; with hydrochloric acid it gives cuprous 
chloride and free hydrogen, 

CU2H3 + 2HC1 = Cu jCla + 2H2. 

133. Copper Oxides. — Copper forms two well-defined com- 
binations with oxygen; an unstable quadrantoxide also ap- 
pears to exist. 

Cu 
Cuprous Oxide, or Red Oxide, Cu^O = | ^ O, occurs native, 

Cu 
in forms derived from the regular system, in Cornwall, in the 
south of France, in the island of Elba, in Siberia, and in 
large quantities in North America and in South Australia. 
It may be prepared Artificially, and of a fine red colour, by 
adding a concentrated solution of copper sulphate to excess 
of caustic potash, allowing the cupric hydrate to settle, and 
heating it on the water-bath with a solution of sugar ; or of 
a still brighter colour by heating one part of cupric tartrate 
and one of starch-sugar with two parts of potassium hydrate 
dissolved in sixteen parts of water. Cuprous oxide is readily 
reduced to the metal by heating with hydrogen, carbon 
monoxide, charcoal, or metallic iron. It is soluble in hydro- 
chloric acid, forming cuprous chloride 3 the other mineral 
acids form cupric salts with separation of metallic copper. 
It is soluble in ammonia, forming a colourless solution, which 
absorbs oxygen with great rapidity and becomes blue. When 
melted with glass it communicates to it a fine ruby-red colour. 

10 — II. IJL 
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Cupric Oxide or Black Oxide, CuO, is also found 
native, forming the mineral known as melaconite. It 
is readily obtained by heating the metal to redness in air or 
oxygen, or by igniting the nitrate. It is also produced by 
mixing boiling solutions of caustic potash and a cupric salt. 
It melts at a red heat and crystallises on cooling ; on heating 
in hydrogen or carbon monoxide, or with charcoal, potas- 
sium cyanide, or indeed with most organic bodies, it is re- 
duced to the metallic state. Advantage is taken of this fact 
to determine the composition of organic substances by heat- 
ing them with cupric oxide. Carbon dioxide and water are 
formed by the combination of the carbon and hydrogen of 
the organic substance with the oxygen of the oxide. Cupric 
oxide imparts a green colour to glass. 

Cupric Hydrate, CuH^Og, is obtained as a greenish-blue 
flocculent precipitate by mixing cold solutions of caustic 
potash and a cupric salt. If the pi*ecipitated hydrate be heated 
with the liquid, containing excess of caustic potash, it becomes 
black, and is converted into cupric oxide. Both the hydrate 
and the black oxide are soluble in ammonia, forming an azure- 
blue solution, which has the property of dissolving cellulose, 
or perhaps holding it in suspension as starch is suspended 
in water ; accordingly, the solution rapidly perforates a filter 
of paper or calico. 

134. Copper Chlorides.— Cuprous Chloride, CugClg, may 

be formed by burning the metal in chlorine gas, or by heating 
it with corrosive sublimate, or by reducing cupric chloride 
with stannous chloride — 

2CuCl J + SnClj = CuaCljj + SnCl4, 

or by boiling cupric chloride with sugar, chloroform, ether, 
phosphorus, etc. It is a white crystalline powder, insoluble 
in water, but soluble in ammonia, hydrochloric acid, and 
solutions of many chlorides. Its ammonaical solution rapidly 
absorbs oxygen from the air and turns blue, 

Cupric Chloride, CuClg, may be obtained by projecting 
copper filings into excess of chlorine gas. It forms a 
brown deliquescent powder which quickly becomes green by 
exposure to a moist atmosphere, owing to the formation of 
the ijdrated salt CuCl2.2H^O. When prfectly dry this salt 
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has a pale blue colour. It is more readily obtained by dis- 
solving the oxide in strong hydrochloric acid; when concen- 
tiuted the strongly-acid solution is yellow, on adding water 
it becomes green, and eventually, as the dilution proceeds, it 
changes to blue. Cupric chloride forms a large number of 
double salts with other metallic chlorides. The mineral 
a/tcuia/inite is a hydrated cupric oxychloride of the formula 
CUCI2.3CUH2O2; it is met with in Saxony, Australia, and 
in South America. An oxychloride of similar composition is 
used as a pigment under the name of " Brunswick green." 
Bromine forms analogous combinations with the metal. 

135. Cuprous Iodide, Cugig, may be obtained by the direct 
union of its elements, or by mixing a solution of cuprous 
chloride in hydrochloric acid with potassium iodide; or, with 
the liberation of iodine, by adding potassium iodide to a 
solution of a cupric salt, as for example the sulphate : 

2CUSO4 + 4KI = CuJa + 2K JSO4 + Ij. 

It is a greyish-white insoluble powder which fuses at a red 
heat. It absorbs ammonia, forming the compoimd CuoTo. 
4H3N. 

Cupric Iodide, Culg, is known only in combination, as 
CuI2.4H3N.H2O ; this body may be obtained by exposing the 
above-mentioned ammoniacal compound to moist air. 

136. Sulphides. — Cuprous Sulphide, or Copper Olance, 

CU2S, constitutes an important ore of the metal. It may 
be obtained artificially by simply triturating its constituents 
together in a mortar, or by suspending copper in sulphur 
vapour. It is a dark-grey fusible powder which may be heated 
to redness in steam or in chlorine without decomposition. . 
When ignited with cupric oxide it forms metallic copper and 
sulphur dioxide ; it is partially decomposed by heating with 
metallic iron with the formation of a double sulphide of 
copper and iron. 

Cupric Sulphide^ CuS, is also found native, and may be 
made by passing sulphuretted hydrogen into solutions of 
cupric salts. It is a dark-brown powder which, when moist, 
rapidly absorbs oxygen from the air, and is converted into 
copper sulphate, 

A Fentasulphide of Copper, CuSg, is said to be formed 
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by mixing solutions of potassium pentasulphide and cupric 
sulphate. It is a liver-coloured powder which becomes 
black on drying. It is soluble in solutions of alkaline car- 
bonates, and is not decomposed by washing with water or by 
exposure to air. 

Combinations of copper sulphides with other metallic sul- 
phides are frequently found native. A cuprous sulphanti- 
monite, termed antimonial copper or Wolfahergite, Cu-SbSg, is 
found in the Hartz and in Spain. Tonnenite is a double 
sulphide of copjfer and bismuth of analogous constitution. 
Copper pyrites, or chcUcopyrite, is a cuproso-ferric sulphide, 
CugS.FcgSg, and is an abundant ore of copper; it is found in 
tetrahedral crystals derived from the quadratic system, of a 
colour resembling brass; the crystals are soft enough to be 
cut with a knife. Purple copper-ore is found in crystals be- 
longing to the regular system. A number of other varieties 
are known which may be regarded as mixtures of copper 
pyrites, and a double sulphide of iron and copper of the com- 
position CuS.FeS. 

137. Cuprous Sulphite, CugSOg.HgO, is a brownish-red 
crystalline powder formed by treating cuprous hydrate with 
sulphurous acid solution. It forms double salts with the alka- 
line sulphites. A cuproso-cupric sulphite, CugSOg.CuSOg. 
SHgO, is obtained by mixing solutions of cupric sulphate 
and acid sodium sulphite. 

138. Cupric Sulphate or Blue Vitriol, CuSO^, is some- 
times found native, and frequently occurs in the waters 
present in copper mines; by the addition of scrap-iron the 
metal is extracted, and comes into commerce as "cement 
copper." The sulphate may be obtained artificially by dis- 
solving cupric oxide in sulphuric acid, or, on the large scale, 
by heating scrap or refuse copper with sulphur in a furnace 
BO as to convert it into cuprous sulphide, wliich is then 
oxidised to cupric sulphate and oxide, 

CuaS + 05=CuS04 + CuO. 

The mass is thrown into dilute sulphuric acid, and the re- 
sulting sulphate ciystallises out from the solution. It forms 
large blue prisms belonging to the triclinic system, of the 
composition CuSO^.aHgO (figs. 130 and 131). The salt 
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loses 4 molecules of water at 100°, and tlio rernainder at 
about 200°. . The anhydrous salt, which is noiu-ly whito in 
colour, is exceed- 
ingly hygroacopiR, 
and is occasionally I 
employed as a t' 

siocating agent. '^ mm^^g^^^mam ■^i^B^^^BVl 
is soluble in ^^°'>'' ^wHBBSM BJIiB^BQll 
3 parts of water at l( 
ordinary tempera- ■ 
tures, and in about I 

half its weight ot I 

boiling water; it is Pig- 130. Fig. 131. 

insoluble in absolute alcohol. Cupric sulphate dissolves in 
hydrochloric acid with & considerable fall of temperature, 
and cupric chloride ia formed. The anhydrous salt is occa- 
sionally used in analysis for the absorption of vapour of 
hydrochloric acid. Several basic aulphatea are known, some 
of which occur native. 

139. Copper Nitrides. — A nitride of the composition 
CugNj is formed by heating cupric oxide to 250° in ammonia, 
ga£; it is a dark-green powder, which ia readily decomposed, 
with explosion, on heating. It is violently acted upon by 
acids: with hydrochloric acid gas it foi'ms sal-ammoniac and 
cupric chloride; chlorine gas converts it into cupric chloride 
and nitrogen. A chocolate-coloured nitride appears to be 
formed by suspending a copper ball, connected with the 
positive pole of a battery, in a solution of sal-ammoniac; the 
n^ative pole of the battery is connected with a platinum 
plate, which also dips into the solution; after a time the 
liquid becomes blue, and the nitride gradually collects upon 
the negative pole; its composition is unknown. 

140. Cupric Nitrate, CU2NO3, is formed by dissolving tho 
metal or oxide in nitric acid. It forma dark-blue ])rismatic 
crystals containing 3, 4, or 6 molecules of water of crystal- 
lization depending on the temperature of crystallization. 
The tri-hydrato melts at 114-5'', and boils at 170", giving 
off nitric acid, and leaving a basic salt GugN^Og.H^O. A 
corresponding phosphate, Cn3p30g, ia known. A number 
of ba^ phosphates occur native. ' 
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141. Copper Phosphides. — Copper combines readily with 
phosphorus, forming a grey-coloured brittle phosphide. 
Small quantities of phosphorus increase the fusibility and 
hardness of copper, and render it less susceptible to the 
action of sea-water. " Phosphoivbronze " is an alloy of copper 
and tin, containing small quantities of phosphorus. 

P = Cu 
A cupric phosphide of the composition | is obtained 

P = Cu 
by heating cupric phosphate, CugHgPgOg, in hydrogen gas. A 
mixture of a body of similar composition with potassium and 
cuprpus sulphides or levigated coke constitutes AbeFs fuse, 
used in exploding gunpowder by magneto-electricity. 

A phosphide of the composition PgCug is formed by passing 
phosphoretted hydrogen over heated cuprous chloride. A 
phosphide of the formula CugPg, analogous to the nitride, is 
also known. 

142. Copper Carbonates. — ^The normal salt CuCOg has not 
been definitely obtained. On adding a solution of an alkaline 
carbonate to a cupric salt, a greenish precipitate is formed, 
consisting of CuCO3.CuH2O2.H2O. Malachite has the com- 
position CUCO3.CUH2O2. Both carbonates, when heated to 
about 200*^, or by long boiling with water, part with car- 
bonic acid and water, and form cupric oxide. Azurite, or blue 
malachite, has the composition 2CUCO3.CUH2O2, and is found 
native in large crystals belonging to the monoclinic system. 

143. Copper Silicates. — Bioptase, CuSi03.H,0, and chry- 
socolla, CuSi03.2H20, are naturally-occurring monosilicates 
found associated with copper ores in Norway, Hungary, Corn- 
wall, and other localities. 

Compounds of copper impart a bright green colour to the 
non-luminous flame of the Bunsen lamp. In the oxidising 
zone they give to borax a green colour whilst hot, bluish 
green when cold : in the reducing zone the bead becomes red, 
especially on the addition of a trace of a tin salt, from the 
formation of cuprous oxide or finely-divided metallic copper. 
The metal is readily obtained by heating its compounds in 
the reducing area of the Bunsen flame with charcoal and 
fiodium carbonate. 
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Very few cuprous salts can be obtained in solution. 
Cuprous chloride, although practically insoluble in water, 
dissolves to a colourless fluid in hycfrochloric acid, and in 
solutions of certain chlorides. On exposure to air the solu- 
tion becomes brown from the formation of anhydrous cupric 
chloride. On the addition of water white cuprous chloride 
is precipitated. Ammonia gradually colours the solution 
blue, and oxygen is absorbed. Caustic potash in excess forms 
a yellowish-brown precipitate of cuprous hydrate, soluble in 
ammonia. Potassium iodide forms insoluble white cuprous 
iodide without separation of iodine. Sulphuretted hydrogen 
and alkaline sulphides form black cuprous sulphide. 

Solutions of cupric salts have usually a green or blue 
coloiu*. Mixed with ammonia in slight quantity they form 
a green basic salt, which turns to the blue hydrate on the 
continued addition of the precipitant. When the ammonia is 
in excess, the hydrate re-dissolves, forming a deep azure-blue 
solution : the intensity of the colour is such that 1 part of 
copper in 100,000 parts of liquid may be detected by means 
of this reaction. The alkaline hydrates and certain of the 
compound ammonias precipitate hydrated blue cupric oxide 
when added in the cold: on boiling the precipitate with 
excess of the alkali it becomes black, from the formation of 
the anhydrous oxide. The presence of organic matter, such 
as sugar, tartaric and citric acids, cellulose, etc., often pre- 
vents this reaction; on the addition of potash, the solution 
becomes dark blue; in certain cases red or yellow cuprous 
oxide is formed on boiling, but the precipitation of the 
copper is seldom complete. The fixed alkaline carbonates 
form basic cupric carbonates with evolution of carbon dioxide : 
on heating, the precipitate is converted into the black oxide. 
Ammonium carbonate also forms a basic carbonate, but when 
added in excess it redissolves the precipitate. Potassium 
iodide forms cuprous iodide with separation of iodine. Sul- 
phuretted hydrogen and alkaline sulphides form brownish 
black cupric sulphide, slightly soluble in excess of ammonium 
sulphydrate. Potassium ferrocyanide gives a characteristic 
brown precipitate of cupric ferrocyanide; in very dilute solu- 
tions, a dark-brown colour is produced : this reaction will 
detect 1 part of copper in 500,000 parts of water. 
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All solutions of copper, whether of cuprous or cupric salts, 
deposit the metal in contact with zinc or iron. 



144. Zinc — Symbol Zn; atomic weight 65*2. — Ores of zinc 
were known to the ancients, and were employed by them in 
the manufacture of brass : it does not appear, however, that 
they were acquainted with the metal in an unalloyed con- 
dition. The alchemist Paracelsus, in 1541, makes mention 
of zinc, but it was doubtless known before his time. The 
principal ores of this metal are the sulphide or blende; the 
red oxide ; calamine, or zinc carbonate; and sUiceous or elec- 
tric calamine, or zinc silicate. Considerable quantities of 
blende, or " black-jack," as it is termed by the miners, are 
found in Cumberland, Derbyshire, Cornwall, North Wales, 
and the Isle of Man. Calamine is not very abundant in 
this country, but a large amount is imported, principally 
from Spain and the United States. On the Continent zinc 
is chiefly smelted in Silesia, and at Vieille-Montagne, near 
Liege; the ore mainly employed is calamine. The red oxide 
is chiefly obtained from the United States : its colour is due 
to admixture with oxides of iron and manganese. The ores 
are usually dressed, picked, and afterwards roasted; the 
manner of conducting these operations depends upon the 
nature of the ore. Blende is roasted at a strong heat in a 
reverberatory furnace : it is thus ultimately converted into 
oxide, sulphur dioxide making its escape. Calamine is cal- 
cined in a furnace somewhat resembling a lime-kiln : it thus 
loses its carbon dioxide and water, and is converted into 
oxide. The roasted oxide is then mixed with ground coal, 
and heated in clay retorts: the reduced metal, being con- 
verted into vapour, distils over, and is collected in receivers. 
Three difierent methods of efiecting this reduction are in use, 
known respectively as the Belgian, the Silesian, and the 
English process. The processes generally used are the 
Belgian and Silesian; indeed, most of the zinc, or spelter as 
it is termed in commerce, which is extracted in this country, 
is obtained by the Belgian method. The roasted ore and coal- 
dust, both flnely-divided and intimately mixed, are placed in 
^lindrical clay retorts (aj flg. 132) supported on ledges of 
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DuiBonty placed over the fireplace of a furnace, and inclined 
towards the front. To each retort a short clay-cone ce ia 
adapted, fitted with a cone of sheet iron d. As soon as the 
bluuli fiame of the carbon monoxide evolved ia the process 
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of rednction changeB to a greenish white colour, duo to the 
partial combustion of the zinc, and fumes of zmo oxide begm 
to be formed, the receivers are fixed to the retorts the 
greater portion of the metal collects m the clay receivers, 
the mm cones serving to collect the zino oxide. From time 
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to lime these coses or nozzles require to be removed, and tlie 
oxide shaken out &om them. 

In the Siiesian process the distillation is also effected from 
clay retorts which, however, are of a very difiereut form 
from those used in the Belgian process r^ 133 represents 
a Silesian zinc fnmace The retort or muffle i 




Fig 133 
Into an aperture near the top is fitted tie carved condensing 
tube b, through an opening m which (seen at c) the retort is 
chai^^ ; when the charging is finished the opening is closed 
by a plug. The residue, after distillation, is removed through 
an aperture near the bottom of the retort. About two dozen 
of these retorts are arranged in the furnace, in two rows, 
back to back. The distilled zinc escapes from the open end 
of the bent »nn, through a cast-iron tube, and is received in 
the little chambers//. 

In the English process the reduction of the roasted ore ia 
effected in iMge crucibles placed in a furnace, somewhat re- 
sembling that employed in the manufacture of glass (fig. 134). 
The bottoms of the Steurbridge clay crucibles e e toe per- 
forated, and through each orifice is placed a long sheet-iron 
pipe n n, dipping into an iron pot pp. The crucibles are 
chai^;ed from, above and are not closed until the distillation 
commences. The distilled metal passes down the pipe, partly 
in powder and partly in fnsed masses. Aa the iron pipe ib 
liable to be choked, it is necessary to clear it fix>m time to 
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time by ioBertJug an iroa rod into it. Tte rough due obtained 
by eadi of the methods is re-melted in iron, or better, in 
olay poifl, &eed from oxide by atirring and ekimming, and 
cast into cakes or ingots. 




Fig. 134. 
Commercial aac usually contains more or less iron, lead, 
tin, cadmium, copper, and arsenic. To obtain it cheroically 
pare the metfil is dissolved in a slight excess of sulphuric acid, 
the solntion is treated with sulphuretted hydrogen, filtered, 
and mixed with a solution of sodium carbonate; the precipi- 
tated zinc carbonate is washed, conrerted into oude by 
ignition, and mixed with charcoal obtained from sugar, and 
redistilled from a porcelain retoi-t. 
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Zinc is a hard, brittle, bluish-white metal; when fractured 
it exhibits a highly crystalline structure. When pure, it 
may be rolled out into thin leaves at the ordinary tempera- 
ture, but when mixed with other metals it is malleable only 
at about 120°; at a still higher temperature it again becomes 
brittle, and may readily be reduced to powder. The 
density of zinc varies from about 6*86 to 7*2. It melts 
at 423°, and boils at 1040°. Zinc experiences very little 
alteration in air, but in contact with water charged with 
carbonic acid, it is partially converted into an oxycarbonate. 
When strongly heated in air or in oxygen, it bums with a 
greenish-white flame, producing dense white fumes of the 
oxide. Zinc is now largely used for galvanising iron; the 
iron is coated with a thin layer of zinc by immersion in a bath 
of melted metal; it is thus protected from oxidation. Pure 
zinc dissolves slowly in the ordinary mineral acids, but the 
commercial variety, containing foreign metals, is rapidly 
attacked with production of hydrogen. The same rapid 
action in the case of the pure metal may be induced by 
placing it in contact with platinum or copper. Zinc and 
copper in intimate connection decompose water even at the 
ordinary temperature; at a gentle heat, the decomposition 
is very rapid (Vol. I., p. 53). Caustic alkalies also dissolve 
zinc with formation of an oxide and free hydrogen. Zinc 
readily unites with the greater number of the metals, forming 
hard and often brittle alloys. 

Brass is an alloy of 1 part of zinc and 2 parts of copper, 
prepared by adding zinc to molten copper contained in fire- 
clay crucibles. Frequently old brass is added to the mixture; 
the old brass being first placed in the crucible, which is then 
filled up with alternate layers of zinc, copper, and powdered 
coal or charcoal, the latter body being added to reduce any 
oxide formed during the melting. When the charge is 
melted the surface is skimmed, and the alloy cast in iron or 
sand moulds. Muntz^s metal, which is used extensively as 
a sheathing for ships, is an alloy of 3 parts of copper and 2 
parts of zinc, with a small quantity of lead, and occasionally of 
tin. It is made by melting the copper on the hearth of a rever- 
beratory furnace, and mixing with it the requisite quantity 
of zinc. This alloy, unlike ordinary brass, can be rolled at 
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a red heat, and is stated to be less easily fouled than the 
ordinary copper ship-sheathing. Pmchheck is an alloy of 3 
parts of copper to 1 of zinc ; Dutch and Mannheim gold have a 
similar composition; Tombac contains about 4 parts of copper 
and 1 of zina Lead is occasionally added to brass in order 
to facilitate its working in the lathe. AicKa metal and 
sterro-metal are varieties of brass containing iron and tin. 

146. Zinc Oxide, ZnO, the only known compound of oxy- 
gen and zinc, occura native as red zinc ore^ and, combined 
with ferric and manganic oxides, as franklinite. It may be 
formed artificially by the ignition of the metal in air or in 
oxygen, or by heating certain zinc salts, such as the carbonate 
and oxalate. The oxide prepared by burning the metal is 
employed as a pigment under the name of zinc white; it is 
chiefly valued from its permanency, as it is not blackened by 
exposure to sulphuretted hydrogen like white lead. As thus 
procured it is an amorphous powder of specific gravity 5*6; 
by heating zinc chloride in a cun^ent of steam the oxide may 
be obtained in six-sided prisms of a density 6*0. Both forms 
of the oxide on heating acquire a transient yellow colour. 

146. Zinc Hydrate, ZnH202, is obtained as a white gela- 
tinous precipitate by adding ammonia to a solution of a zinc 
salt. The same hydrate may be obtained crystallised by 
placing zinc in contact with iron, lead, or copper in dilute 
ammonia water. A dihydrate, ZnH^Og, or ZnH202.H20, is 
obtained in transparent octahedrons by allowing a saturated 
solution of the oxide in sodium hydrate to remain exposed to 
the air. Both these hydrates readily part with their water 
on heating; they are easily dissolved by dilute acids, by 
potash and soda, and by ammonium carbonate. 

147. Zinc Chloride, ZnCl2, may be formed by the direct 
onion of its elements, or as a crystallised hydrate, ZnClg. 
HjO, by dissolving the metal in hydrochloric acid, and evapo- 
rating the solution. The anhydrous chloride is a greyish- 
white, highly caustic, waxy-looking substance; it is readily 
fusible, and may be distilled. It deliquesces rapidly on 
exposure to moist air, and is very soluble in water and in 
alcohol. The anhydrous chloride acts as a powerful dehy- 
drant: it chars wood, converts alcohol into ether, camphor 
into cymene, morphine into tetrapodimorphine (apomorphine), 
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etc.; a concentrated solution cannot be filtered through paper, 
as it attacks and dissolves vegetable fibre. Zinc chloride in 
dilute aqueous solution is used as an antiseptic, under the 
name of " Burnett's disinfecting fluid." A strong solution of 
the chloride dissolves zinc oxide, forming an oxychloride, 
ZnCl2.3ZnO.4H2O, crystallising in octahedrons. I^ solution 
dissolves silk, and may be used for separating: this fibre from 
wool. Zinc'oxychlo^des are, also ^xsed ^ pigments, as 
cements, and for making artificial teeth. 

148. Zinc Bromide, ZnBr^, and Zinc Iodide, Znl2, are 
deliquescent crystalline substances obtained by the direct 
union of their elements. They unite with ammonia, and 
with alkaline bromides and iodides, forming double saltk 

149. Zinc Sulphide, ZnS, occurs as blende, and constitutes 
an important ore of the metal. Pure zinc sulphide is white, but 
it is generally found more or less dark-coloured from the pre- 
sence of iron; occasionally it is met with possessing a yellow, 
red, or green colour. Blende occurs associated with galena and 
silver ores, with copper-pyrites and heavy spar in the Hartz, 
in Hungary, in Comwadl, Derbyshire, and Cumberland. Its 
specific gravity is about 3*92, and it is almost infusibla 
Hydrated zinc sulphide, ZnS.HgO, is easily obtained by 
passing sulphuretted hydrogen through a neutral solution of 
a zinc salt, or by the addition of ammonium sulphide. It is 
readily soluble in dilute mineral acids, but is nearly insoluble 
in acetic acid. 

^A pentasulphide, ZnS^, is said to be formed by adding a 
solution of potassium pentasulphide to a neutral solution of 
a zinc salt. It is a wMte powder when moist, but acquires 
a bright yellow colour on drying.* Several zinc oxy sulphides 
are known. 

160. Zinc Sulphate, or White Vitriol, ZnSO^, is formed 
as a bye-product in the preparation of hydrogen by the action 
of sulphuric acid on zinc. On the large scale it is obtained 
by roasting blende, and lixiviating the roasted mass with 
water. It crystallises with 7 molecules of water, and is 

* Attempts made in the author's laboratory to obtain this com- 
pound gave a negative result. FoUenius has shown that the so-called 
cadmium pentasulphide is 1^ mixture of th^ monosulphide and 
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isomorpliaus ■with magneBmm sulphate. It parts with 6 
molecules of water at 100°, but retains the last molecule up 
to 250°. The salt ia soluble in less than its own weight of 
water at ordinary temperatures. Zinc sulphate is used in 
calico-printing and in medicine. It combines with the 
alkaline sulphates and with magnesium sulphate to form 
double Bolts. 

Ifil. Zino Carbonate, ZnCOg, is found native as calamine, 
and constitutes the most abundant ore of the metal. The 
normal salt cannot be formed artificially in the wet way; by 
adding a solution of an alkaline carbonate to a zinc salt in 
solution TariouB oxycarbonatea are formed, the composition 
of which depends upon the temperature and degree of concen- 
tration of the fluids. 

O O 

152. Zinc OrthoBilicate, Zn„SiO,, or Znf ^Si/ >Zn, 
' o ^o*^ 

oconre native as vnilemile. SUiceous calamine, used to some 
extent as an ore of zinc, is a bydrated orthosilicate, Zn^SiO^. 
HaO. It la found in nnsymmetrically-terminated. rhombic 
pnsma (see fig. 13S). Like tourmalin, boracite, sugar, and 
other nnaymmetrical crystals, it is pyro- 
deetrie, that ie, on warming, one end be- 
comes positively, the other negatively dec- 




Compounds of zmc heated in the Eunsen 
flame with cobalt nitrate acquire a bright 
green colour. When neutral, or when mixed 
with sodium acetate, their solutions give a 
■white precipitate of the sulphide with sul- 
phuretted hydrogen. Ammonium sulphide t"ij(. 135. 
forms the same compound. The hxed alkaline carbonates 
give a white basic carbonate, with evolution of carbon dioxide ; 
this precipitate is soluble in alkalies, and in ammonium 
chlonde. Potash, ammonia, and ammonium carbonate give 
precipitates soluble in excess of the precipitant, but they aro 
reprecipitated on dilution with boiling water. 
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168. Cadmium — Symbol Cd; atomic weight 112.— Com- 
pounds of this metal occur associated with zinc ores; as 
cadmium is more volatile than zinc it is mainly found in the 
first portion of the distilled metal when the ores are reduced 
by carbon. Cadmium was discovered by Stromeyer in 1818; 
its name is derived from cadmui fosdlis. It is a silver-white 
crystalline metal of specific gravity 8*6; it melts at 320**, 
and boils at 860°. It is readily dissolved by mineral acids, 
under ordinary conditions : contact with platinum preserves 
it from the action of strong nitric acid. It forms a number 
of alloys with other metals. 

Cadmium unites with oxygen in two proportions to form 
a suboxide, Cd^O, and a monoxide, CdO. 

Cd\ 

The suboxide, njyO, is a green powder obtained by heat- 
ing cadmium oxalate. 

The protoxide may be formed by burning the metal in 
air or in oxygen, or by igniting the carbonate or nitrate. It 
is a dark-brown infusible powder of specific gi^avity 6*65. It 
is obtained hydrated, and of a white colour, by the addition 
of potash to a solution of a cadmium salt. The precipitate 
absorbs carbonic acid, is readily soluble in dilute acids and 
in ammonia, but is insoluble in ammonium carbonate. 

164 Cadmium Chloride, CdClg, is a white crystalline, 
fusible, volatile salt. It usually occurs with one atom of 
water of crystallization. It readily unites with other chlorides 
to form well-crystallised double salts. 

166. Cadmium Bromide and Iodide are very similar in 
appearance and properties to the chloride : they are employed 
in photography. 

166. Cadmium SulphidOi CdS, is obtained as an orange- 
yellow powder by passing sulphuretted hydrogen through 
solutions of cadmium salts. On heating it darkens in colour, 
and at a high temperature becomes bright red. It is readily 
soluble in ammonia and nitric acid, but dissolves very spar- 
ingly in dilute hydrochloric acid, more easily in the con- 
centrated acid. It is insoluble in ammonium sulphide. The 
very rare mineral Greefiiockite consists of cadmium sulphide. 

157. Cadmium SulphatOi CdS04, is formed by dissolving 
the oxide in sulphuric acid. When deposited from solutions 
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at ordinary temperatures the crystals have the composition 
SCdSO^.SHgO; but when crystallised from the heated liquid 
the salt contains only 1 molecule of water. 

Solutions of cadmium salts afford the yellow sulphide on 
the addition of sulphuretted hydrogen: it is distinguished 
from arsenic sulphide by its insolubility in ammonium sul- 
phide. Ammonia forms the hydrate, readily soluble in excess. 



158. Palladium — Symbol Pd.; atomic weight 106*6. — 
This metal was discovered by Wollaston in 1803. It occurs 
associated with platinum and gold in several districts in 
South America, and is extracted by treating the ore with 
nitrohydrochloric acid, precipitating the platinum by means 
of ammonium chloride, and adding mercuric cyanide to the 
filtered solution : on heating the palladium cyanide thus 
formed, the metal is obtained as a grey spongy mass. 

Palladium, when compact, has a white colour, and possesses 
a lustre almost equal to that of silver. Its specific gravity is 
about 12*0; it is malleable and ductile, and may be fused 
at a white heat. In the oxyhydrogen fiame it is volatilised, 
forming a green vapour. It is less permanent in the air than 
platinum; when -heated it experiences superficial oxidation; 
when melted it absorbs oxygen, but, as in the case of silver, 
the greater portion of the gas is evolved when the metal 
soli<Ufie& When used as the negative electrode in the 
electrolytic decomposition of water, palladium may be made 
to absorb about 0*5 per cent, of its weight of hydrogen: the 
gas may be expelled at a red heat in vacuo, leaving the metal 
as a spongy porous mass. 

Palladium is dissolved by nitric acid : it is scarcely attacked, 
however, by hydrochloric or sulphuric acid ; hydriodic acid 
and free iodine coat it with the black palladium iodide. 
Palladium has been used for the graduated scales of physical 
instruments, and in the manufacture of weights of precision. 
An amalgam of palladium is occasionally employed by 
dentists for the purpose of filling teeth. 

159. Palladium Monoxide, PdO, is a dark-grey powder 
obtained by heating the nitrate to low redness ; at a bright 

10— IL ^ 
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red heat it is resolved into the metal and oxygen. The cor- 
responding hydrate is a brown powder formed by adding 
sodium carbonate to a solution of palladium dichloride. 

The dioxide, FdOg, is not known in the free state. On 
adding potash or its carbonate to a solution of palladium 
tetrachloride, a brown hydrated palladic oxide is formed con- 
taining alkali. The precipitate is soluble in strong hydro- 
chloiic acid, apparently without decomposition; with the 
dilute acid it readily yields chlorine gas. 

160. Palladium Dichloride, PdCL, is a dark-brown powder 
formed by dissolving the metal in strong hydrochloric axad 
containing a small quantity of nitric acid, and evaporating 
the solution to dryness. It forms double salts with alkaline 
chlorides analogous to the corresponding platinum compounds. 

The tetrachloride, FdCl^ is obtained by dissolving the 
metal or the dichloride in aqua-regia. When concentrated 
its solution is intensely brown : when heated it readily 
parts with chlorine. The chloro-palladinates, M^PdCl^, 
possess a deep crimson colour ; and are easily decomposed on 
heating: they are strictly analogous to the corresponding 
platinum compounds with which they are isometric. 

161. Palladium Di-iodide, Pdig, is a black powder formed 
by adding potassium iodide to a solution of palladium di- 
chloride. It is almost completely insoluble in water : iodine 
is occasionally determined in quantitative analysis as the di- 
iodide. 

162. Ammoniacal Palladium Compounds. — On adding 

ammonia in slight excess to a solution of palladium dichloride 
a red precipitate of the composition (NH3)2.PdCl2 is obtained. 
When heated, or when dissolved in excess of ammonia and re- 
precipitated by addition of an acid, the colour of the substance 
changes to yellow. This yeUow modification is soluble in an 
aqueous solution of potash without loss of ammonia. It is 
the palladamine chloride : the base may be obtained free 
by d^esting the compound with silver oxide and water; its 
composition is NgHgPdO, It is readily soluble in water ; its 
solutiop. h^B a strong al]^aline reaction, and absorbs carbon 
dioxide, It forms salts with acids, which crystallise easily, 
A compound having the composition 4NH3.PdCl2 crystallises 
from the ammouk'C^l solution of the preceding body. It also 
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undergoes a molecular change into & compound vhicb may 
be termed pallad-diamine cbloride. The base, N^Hj^Pd^Oj, 
may be obtained from the chloride in the same way in which 
the oxide of paUadamine ia formed from ita salta. It is a 
crystalline body soluble in water: its solution is strongly 
alkaline, and liberates ammonia 'from ammoniiua chloride : 
it diaaolyea oxide of silver, but precipitates solutions of copper, 
nickel, iron, cobalt, and aluminium, 

Palladinm compounds yield the black sulphide on addition 
of sulphuretted hydrogen : the precipitate is insoluble in 
ammonium sulpbydrate. Potassium iodide yields the black 
iodide; mercuric cyanide the white cyanide, FdCy^. Stannous 
chloride gives a black precipitate soluble in bydrocblorio acid 
vith the formation of an intensely green liquid. 



168. Heronry — Symbol H^ (Hydtai-gyrus); atomic weight 
200. — Tbia element has been known from very remote times, 
and certain of its compounds were used by £he Greeks and 
Arabians. By the alchemists it was known under the sign 
of the planet Mercury, 9 The metal is found free and in 
onion with gold and silyer, but its chief source is the sulphide 
or mnTioiar, which occurs in quantity at Almaden in Spain, 
and at Idria in Illyria. It is also met with in China, Peru, 
Mexico, California and Borneo. 




rig 136 

At AJmadep, the ore is simply roasted in the chambers a 
in fig. 136, and ibe mi^ed vapours of meroury and sulphur 
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dioxide pass through a eeries of pear-shaped vessels made 
of earthenware, e^, termed alvdds, iu which the greater 
^^^ ^^^^ ^^^^ portion of the metal con- 

fi^^^'^rr^f'^'^IIS^g"''''::^ densea, and flows into 
'■"""I "III "■"" the trough g. Fig. 137 

Fig. 137. shows the manner in 

which the aludela are connected together. 

In the Idrian works the fumes from the roasted ore are led 
into a number of chambers, covered with iron plates and 
cooled by water, in which the mercury condenses. Figs. 138, 
139, and 140 show the arrangement of the Albert! furnace 




Fig. 138. 

which is now used with great economy in the treatment of 
Jdrian ores, more especially of the poorer varieties. The ore 
is placed on the hearth of the reverberatory furnace a, and the 
gases and merouiial vapoura produced by roasting pass into 
the brick condensing chamber c, and thence through a wide 
cast-ii'on pipe d, cooled by water, into a second condensing 
chamber ee divided into two atoreya; from the upper storey 
/ the gaseous products pasa through a second iron tube g, also 
cooled by water, and opening into a chamber h: from this 
chamber the vapours find their way into the stack by a. series 
of flues in which nearly the whole of the remaining traces of 
the mercury are deposited, partly as metal, partly as oxide and 
sulphide. The condensation in the Alberti furnace ia nearly 
perfect, upwards of 90 per cent, of the mercury being de- 
posited in tlie lower iron tube. Unlike the older processes, 
this method can be worked continuously for lengthened 
periods, that is, until the draught in the flues is interrupted 
hj' the condensed solid produotL 
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At LandebeTg in Bavaria, and in California, the coarsely- 
powdered ore is mixed with quicfe-Ume and heated in long 
cast-iron retorts a, arranged as in gas-works (fig. 141). The 
charge is introduced at the back of the retort, the gaseous 
products paaaing through the pipe c into water contained in 
the main d, which ia cooled by a flow of cold water round it. 
The reaction may be thus expressed — 

4HgS + 4CaO= 3CaS+ 0*30,+ fflg. 
As found in commerce merciyy usually contains more or 
leas lead, zinc, and bis- 
muth, from which'it 
may be freed by di- 
gesting it with dilute 
nitric acid. Mercury 
has a specific gravity 
of 13-596 at 0^ com- 
pared with water at 
4° it is the heaviest 
hquid known. It 
freezes at — 40° form- 
ing a ductile malleable 
mass, and boils at 357° 
formmg a colourless 
vapour : It volatilises, 
' ' however, even at ordi- 

nary temperatures. 
When pure it ia per- 
t oxygen if mixed with foreign 
metals it becomes coated with a greyish powder on being 
agitated in air, mercury thus contammated is found to 
leave a tad or streak when runiung along a smooth surface. 
When heated to a high temperature m air it gradually ab- 
sorbs oxygen and becomes coated with a film of the red oxide. 
Hydrochloric acid has scarcely any action on mercury; con- 
centrated sulphuric acid attacks it when heated, with forma- 
tion of mercuric sulphate and evolution of sulphur dioxide. 
Kitric acid readily diaaolvea it, pi-oducii^, with excess of 
mercury, mercuFOua nitrate; with excess of acid, mercuric 
iutrate. 




manent m the e 



Fig 141 
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Mercury readily alloys, or amalgamates with other metals, 
forming, in many cases, definite chemical combinations: 
several of these amalgams are employed in the arts. Sodiimi 
amalgam is used in the extraction of metals; tin amalgam 
in the manufacture of mirrors, amalgams of tin, gold, and 
silver are employed by dentists. Sodium amalgam, which 
is readily decomposed by contact with water, with liberation 
of hydrogen, is frequently employed in chemical research as 
a reducing agent; and an amalgam of tin and zinc is used 
for the rubbers of electrical machines. Silver amalgams of 
variable composition are found native in forms derived from 
the regular system. 

164. Two oxides of mercury are known, viz., mercurov^ 
and mercuric oxides, 

Mercurous Oxide, HggO, is a dark-brown powder formed 
by the action of caustic potash on calomel. It is readily 
resolved on exposure to light, or by simple trituration in a 
mortar, into mercury and mercuric oxide. 

Mercuric Oxide, HgO, has long been known, and was 
frequently prepared by the alchemists. It may bo ob- 
tained by heating the metal in air or by calcining tho 
nitrate: as thus made it is a bright-red crystalline powder* 
It may also be formed of an orange-yellow colour by the 
addition of caustic potash to a solution of corrosive sublimate. 
It darkens on heating, becoming almost black, but recovers 
its original colour when cold. It is slightly soluble in water; 
and the solution has an intense metallic taste. At a low 
red heat it is completely resolved into oxygen and mercury. 
It explodes when heated with sulphur and the alkaline 
metals: many finely-divided metals, such as zinc and tin, 
are readily oxidised when heated with the oxide. It is 
quickly acted upon by chlorine, forming, at a low temperature, 
chlorine monoxide and an oxychloride of the metal : when 
heated, oxygen and mercuric chloride are alone produced. 

165. Mercury forms two combinations with chlorine, corre- 
sjponding to the oxides : several oxychlorides are also known, 

Mercurous Chloride or Calomel, HggOlg, is frequently 
found native, associated with the sulphide, and may be ob- 
tained by heating the metal with chlorine, or the mercuric 
chloride with mercury, or with reducing agents such as sul- 
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phurous oxide. It is also made by heating a mixture of 
mercurous sulphate and common salt : 

HgjSO^ + 2NaCl = HgaClj + NajSO^. 

The mixture is heated in iron cylinders or retorts, and the 
calomel which vapourises is condensed in a small biick 
chamber as a loose powder, which must be washed with 
water to free it from accompanying mercuric chloride. 

Calomel is a white powder which becomes slightly yellow 
on heating. At a low red heat it volatilises without previous 
fusion. It is almost insoluble in water. It is quickly re- 
duced to the state of metal on boiling with stannous chloride : 
when digested with potassium iodide it yields mercurous 
iodide and potassium chloride. It is dissolved by nitric 
acid with formation of corrosive sublimate and mercuric 
nitrate and evolution of nitrogen dioxide : 

SHgaCla + SHNOj = 3 HgClj + SHgCNOg) j + 2N0 + 4H3O. 

Calomel is completely decomposed when heated with potash 
or soda, thus : 

Hgjaj + 2KH0 = Hga + + 2KC1 + HjO. 
By treatment with ammonia gas or solution of ammonia, 
calomel is turned black, owing to the formation of mercuroso- 
ammonium chloride, NHgHgCl. By long continued boiling 
with water, calomel is decomposed into a grey compound of 
the metal and mercurous chloride, and into corrosive subli- 
mate which dissolves : dilute hydrochloric acid or solutions 
of alkaline chlorides heated with calomel ultimately con- 
vert it into mercuric chloride. 

Mercuric Chloride or Corrosive Sublimate, HgClg, is 

produced by the action of chlorine on the metal, or on the 
preceding compound. It is commonly made by heating a 
mixture of mercuric sulphate and sodium chloride; mercuric 
chloride sublimes and sodium sulphate remains; or by add- 
ing hydrochloric acid to a hot and concentrated solution of 
mercurous nitrate : 

Hg2(N03)a + 4HC1 = 2HgCl2 + 2HaO + 2NO3. 

Mercuric chloride crystallises in forms belonging . to the 
rhombic system. It fuses at 302°; is sparingly soluble in 
cold water, more soluble in hot water; 100 parts of water 
at! 1 0® dissolve 6*5 parts of the salt : 100 parts at 100® dissolve 
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about 69 parts. It is very soluble in alcohol and ether: 
when an aqueous solution of mercuric chloride is agitated 
with ether the greater portion of the salt is found in the 
ethereal layer. Hydrochloric acid dissolves the salt, forming 
a compound of the composition (HgCl2)2.HCl. Mercuric 
chloride combines with many chlorides to form readily 
crystallisable salts : the preparation known as sal alembroth 
has the formula 2NH4Cl.HgCl2.H2O. 

Ammonia gas is absorbed by the salt, forming a product 
of the composition HgCl2.NH3, which may be distilled at a 
high temperature without decomposition. 

By the addition of potash to a solution of mercuric chlo- 
ride in quantity insufficient to precipitate the whole of the 
mercury as mercuric oxide, or by digesting mercuric chloride 
solution with mercuric oxide, various oxychlorides of mercury 
are obtained, containing 2, 3, or 4 molecules of the oxide to 
1 molecule of the chloride. They are yellow, red, or brown 
crystalline powders, which yield mercuric oxide on treatment 
with potash. 

166. MercuroUB Bromide, Hg2Br2, is a yellowish-white 
powder, insoluble in water, and vapourisable at a low red 
heat Mercuric Bromide, HgBrg, is formed by the direct 
addition of mercury to bromine, or by agitating bromine water 
with the metal. It is sparingly soluble in cold water, readily 
soluble in hot water, and forms crystals isomorphous with 
those of the chloride. It forms oxybromides similar to the 
corresponding oxychlorides. 

167. Mercurous Iodide, Hg^To, may be obtained by tri- 
turating its constituents in atomic proportions, mixed with 
a little alcohol, or by heating the materials together in a 
closed flask at a temperature not exceeding 250°. It is thus 
obtained in well-defined rhombic crystals of a fine dark-red 
colour when hot, but which change to yellow on cooling. 
It may also be formed by adding potassium iodide to mer- 
curous nitrate. As ordinarily obtained it is a yellowish green 
powder, which, when moist, is blackened by exposure to light. 
By adding iodine to the solution of the potassium iodide 
before mixing with the mercurous nitrate, mercuroso-mer- 
curic iodide, ^Sj^o ^^ Hg2l2.2Hgl2, is formed: it is inter- 
mediate in composition between the mercurous and mercuric 
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iodides. It is a yellow insoluble povder which darkens on 
heating, and may be sublimed without decomposition. 

Mercuric Iodide, Hglj, may be formed by the direct 
addition of iodine to mercury, or, better, by mixing solutions 
of mercuric chloride and potassium iodide. At the moment 
of formation the precipifeite is yellow, but quickly becomes 
red : if the change be observed under the microscope it is 
seen that the yellow rhombic plates first produced are trans- 
formed into scarlet octahedrons derived from the quadratic 
system. When the scarlet iodide is heated it turns yellow, 
melts, and sublimes in beautiful yellow rhombic prisms. The 
salt gradually recovers its original red colour on standing: 
on touching the crystals with a solid body they are instantly 
converted kito the red modification. Mercuric iodide fomi 
double salts with many metallic chlorides and iodides. 

168. Mercurous Fluoride, Rg^Y^, and Mercuric Fluoride, 
HgFg, are unstable combinations formed by dissolving the 
corresponding oxides in hydrofluoric acid. 

169. Mercurous Sulphide, Hg2S, is a black powder ob- 
tained by the action of sulphuretted hydrogen on mercurous 
salts, best on the acetate. It is decomposed on heating into 
mercuric sulphide and free mercury. 

Mercuric Sulphide, HgS, is found native in forms 
derived from the hexagonal system : it constitutes the prin- 
cipal ore of mercury, and has long been used as a pigment 
under the name of vermiUion- or ciniwba/r. As prepared by 
triturating mercury and sulphur it is black, and is known in 
pharmacy as jEthiops minercUis, It is also obtained of a black 
colour by passing excess of sulphuretted hydrogen through a 
solution of corrosive sublimate. It is but slightly acted 
upon by nitric acid, but dissolves in aqua-regia: it is also 
soluble in solution of potassium sulphide, with which it forms 
a crystalline compound of the formula K2^gS2'^-^2^* 

Cinnabar is made artificially on the large scale as a pigment 
by triturating mercury and sulphur together and heating the 
black sulphide until it sublimes. The best vermillion comes 
from China: the brightness of the colour varies with the 
mode of preparation and with the degree of subdivision of 
the product. 

170. Mercurous Sulphate^ HggSO^, is a white; sparingly 
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soluble, crystalMiie powder, formed by adding sodium sul- 
phate to mercurous nitrate. 

Mercuric Sulphate, HgSO^, is formed by beating mer- 
cury with excess of sulphuric acid. It melts at a high 
temperature, and may be volatilised unchanged. It is de- 
composed by hydrochloric, hydriodic, and hydrocyanic acid 
gases. On digestion with water it is decomposed into 
an insoluble basic salt known as turhith or turpeth mineral 
or trimercuric sulphate, IIgS04.2B[gO; and into an acid salt, 
IIgS04.2S03. On passing a small quantity of sulphuretted 
hydrogen into the solution, a white flocculent precipitate is 
formed of the composition 2HgS04.HgS. 

171. Mercurous Nitrate, Hg2(N03)2.2Il20, is a white 
crystalline salt, obtained by dissolving the metal in cold 
dilute nitric acid. If excess of the metal be present a 
basic nitrate, Hg2(N03)2.2Hgo0.3H20, is formed, which is 
decomposed on treatment with water. Several other basic 
nitrates are known. On adding ammonia to a solution of 
mercurous nitrate a black precipitate of variable composition, 
known in pharmacy as mercwrivs soluhilis Hahnemannif is 
formed. 

Mercuric Nitrates. — A highly concentrated solution of 
mercuric oxide in strong nitric acid forms a thick syrupy 
liquid which refuses to crystallise. On adding strong nitric 
acid to the solution a crystalline precipitate is formed of the 
formula 2Hg(N 03)2.1120. It is decomposed by water with 
formation of basic salts, the proportion of acid to base in which 
depends on the degree of washing to which the precipitate 
is subjected. By dissolving the oxide in dilute nitric acid, a 
basic salt crystallising in needles and containing Hg(N03)2. 
HgO.H20 is obtained. Mercuric nitrates form a large number 
of double salts with other mercury compounds. 

172. Trimercurous Phosphate, HggPO^, is a white powder 
formed by the addition of sodium phosphate to mercurous 
nitrate solution. It is soluble in excess of mercurous nitrate, 
and is decomposed on boiling into mercuric phosphate and 
metallic mercury. 

Trimercuric Phosphate, IIg3P208, is obtained by mixing 
solutions of sodium phosphate and mercuric nitrate. It is 
a white powder, soluble in ammonium chloride. It melts to 
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a clear yellow liquid^ and is decomposed by alkalies and alka- 
line carbonates. 

173. A basic merouric carbonate of a reddisb-brown 

colour and of the composition HgC03.3HgO is formed by 
adding sodium carbonate to a solution of mercuric nitrate. 
Mercurons carbonate, Hg^^O^y is an unstable substance 
formed by adding sodium hydrogen carbonate to solution of 
mercurous nitrate. 

174. Mercurammoninm Salts. — By the action of ammonia 
or ammonium salts mercury compounds yield a variety of 
bodies, some of which have long been used in medicine. They 
may be regarded as ammoniacal derivatives, in which the 
hydrogen is replaced by an equivalent of mercury. 

Mercuroso-ammoninm ChloridcNHgHgCl or NoHgHggClg, 
is formed by the action of ammonia gas on dry calomel. On 
adding calomel to aqueous ammonia di-mercuroso-ammoninm 
chloride, NHgHggCl, is formed. The corresponding nitrate, 
2(NH2Hg2.N03).H20, forms, according to Kane, .the chief 
constituent of the soluble mercury of Hahnemann. Accord- 
ing to C. G. Mitscherlich this substance has the composition 
of trimercuroso-ammonium nitrate, NHHggNOyHgO. 

Mercuro-diammonium Chloride, NgHgHgCl^, constitutes 

the fusible white precipitate of pharmacy, and is formed by 
adding a solution of corrosive sublimate to a hot solution 
of sal-ammoniac and ammonia so long as the precipitate 
first formed redissolves. On cooling, the compound sepa- 
rates out in dodecahedrons. Mercurammonium chloride^ 

NHgHgCl, the infusible white precipitate of pharmacy, is 
obtained by the addition of ammonia to solution of mercuric 
chloride. By long contact with water it is gradually converted 

into di-mercurammonium chloride, NHggCl.HgO. 

The corresponding iodine compound, NHggl.HgO, is a 
reddish-brown powder formed by heating mercuric iodide 
with ammonia: 

2Hgl2 + 4NH3-KH20=NHg2l.H20. +3NHJ, 

or by adding ammonia to a solution of the iodide in potas- 
sium iodide (potassio-mercuric iodide) made alkaline with 
potash, 

2(2KI. HglJ + NHs + 3KH0 = NHgjI. H,0. + 7KI + 2HjO. 
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This alkaline liquid, known as Nessler's fluid, constitutes 
an exceedingly delicate test for ammonia. 

When dry ammonia gas is passed over yellow mercuric 

oxide, trimercuro-diamine, K^Hgg, is formed. 

2NH3 + 3HgO = NgHga + SH.O. 

It may be regarded as formed from 2 molecules of ammonia 
by the replacement of the 6 hydrogen atoms by 3 atoms of 
dyad mercury. It is a dark-brown highly explosive powder. 
If the precipitated oxide be treated with aqueous ammonia 
mercurhydroxylamine, NHg-gOH, is formed. It is perfectly 
stable, and dissolves in acids forming salts. 

The substance formerly known as ammcynmcal turpethum 
is a di-mercurammonium sulphate, (NHg2)2S04.2H20, formed 
by the action of ammonia on mercuric sulphate. 

Mercury compounds are volatilised on heating, some of 
them without decomposition, others with the formation of 
the metal. In the reducing area of the Bunsen flame, or 
when heated with sodium carbonate in a tube, they readily 
yield the metal. In acid solutions, copper becomes coated 
-with a lustrous deposit of mercury. 

Mercurous salts in solution give a white precipitate of 
calomel with hydrochloric acid, becoming black on treatment 
-with ammonia, from the formation of di-mercuroso-ammonium 
chloride, NHgHggCl j sulphuretted hydrogen yields a mixture 
of metal and mercuric sulphide. Potassium iodide gives a 
greenish-yellow precipitate of mercurous iodide, soluble in 
excess of the precipitant. 

Solutions of mercuric compounds give no precipitate with 
hydrochloric acid; sulphuretted hydrogen yields a precipitate 
which, with solutions of the haloid mercuric salts, is first 
white, then yellow, next orange, and ultimately black. These 
changes of colour are due to the formation of sulphohaloid 
salts, e,g.i HgCl2.2HgS, which are eventually entirely cod- 
verted into mercuric sulphide by the continued action of the 
sulphuretted hydrogen. Potassium iodide gives a yellow 
precipitate of mercuric iodide which rapidly changes to 
scarlet; it is readily soluble in excess either of potassium 
iodide or of mercuric salt. 
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CHAPTER Vn. 

GROUP IIL— TBIAD METALS. 

AimMONT. ?6ALLnJX 

Bismuth. Ikdium. 



Yttbium. BnoDiuat 

Dedymium. 

BimiuM. Gold, 



Antihont and bismuth are closely related to the phosphorus 
group of non-metals; the former metal, indeed, stands in the 
same relation to arsenic and phosphorus that tellurium stands 
to selenium and sulphur, or in which iodine stands to bromine 
and chlorine. Arsenic has an atomic weight which is nearly 
the arithmetic mean of the atomic weights of phosphorus and 

antimony : 

31 + 122 ^^- • 
— 2— = 76-6; 

the atomic weight of antimony is approximately equal to the 
mean of the atomic weights of phosphorus and bismuth: 

2^=120-6-. 

The chemical analogies of yttrium, didymium, erbium, 
cerium, and lanthanum have been much discussed, but their 
position among the groups is still doubtful. It appears to be 
highly probable that these metals are not dyads as hitherto 
supposed: according to Cleve, their lowest oxides possess 
the general formula MgOg. Mendelejeff has, independently, 

* The atomic weight of antimony is not known with certainty. 
The value given in this work is founded on the independent experi- 
ments of Dumas, Kessler, and Dexter. Schneider, and also Kose; 
obtained 120*3; Weber, 120*7. It is worthy of note that tke meaft 
of these last numbers agrees exactly with the mean of the atomic 
weights of P and Bi ; and by usii^g this ^tqn^c weight we also obtain 
a closer approximation to the atonuo weigbi qf ^rseiuc than that ^veii 
ftbove, vi;?.; 
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arrived at the same conclusion from considerations based 
upon his laws of periodicity (p. 32). Lanthanum and didy- 
mium, although frequently occurring together, are not strictly 
analogues, and the corresponding salts of the two metals are 
not isomorphous. The sulphates of 3rttrium, didymium, and 
erbium, however, possess the same crystalline shape, and may 
be represented by the general formula M2(S04)3.8H20. The 
atomic weight of didymium (138) approximates to the mean 
of the atomic weights of 3rttrium and erbium: the exact 
values are, however, unknown on account of the great 
difficulty in preparing perfectly pure salts- of the respective 
metals. 

Very little is yet known of the recently-discovered metal 
gallium, the existence of which was detected by M. Lecoq de 
Boisbaudran in the zinc blende of Pierrefitte (Pyrenees) by 
the aid of spectral analysis. The salts of gallium appear to 
possess the general formula GraXg ; its oxide being GagOg; it 
also forms an alum. The metal has a bluish-white colour, 
and crystallises in octahedrons; it is not readily oxidised 
even at moderately high temperatures, but it is easily acted 
upon by dilute acid& It melts at 30*1^, and has a specific 
gravity of 5*95. In several respects gallium is analogous to 
indium; it may possibly bear the same relation to this element 
that zinc bears to cadmium. It forms a white sulphide, and 
its oxide is soluble in potash. 

From its analogy to zinc and cadmium, indium was formerly 
regarded as a dyad, its equivalent being assumed to be 37*8, 
and its atomic weight 75*6. Mendelejeff, however, predicated 
that the metal was in reality triadic, its oxide having the 
formula lugOg, and its chloride that of InClg; hence the 
atomic weight would be 37*8 x 3 = 1 13*4. The determination 
of the specific heat of the metal by Bunsen has confirmed this 
supposition. According to Bunsen, the specific heat of indium 
is 0*57, which number, multiplied by 75'6, gives 4*3 as the 
atomic heat, a result which does not agree with Dulong and 
Petit's law. By taking the atomic weight as 1^ times 75*6, 
the atomio heat becomes 6*5, or very nearly that required by 
the law, 

Jthodium is usually regarded as a tetrad, aud is classed 
with platinum aud its congeners. It forms, however^ bu.t 



one chloride, BhClj, and its sulphate has the formula 
Ehj(S0j)3. 1 SHjO. Moreover, its ammoniacal derivativeB 
are beet repreaeated on the assumption thtit it is triadia 



17S. Antimony — Symbol Sb (Stibium); atomic weight, 122 
(120-5 9).— The main properties of this metal were desci-ibed 
by Basil Valentine as early as 1490. It is found in the free 
state associated with arsenic, nickel, and silver; but It is 
generally obtained by heating the trisulphide with metallic 
iron, or by roasting tiiis mineral to an oxide and reducing it 
with charcoal and sodium, carbonate. 

In the direct extraction of the metal from the sulphide the 
ore is usually first heated on the inclined hearth of a rever- 
beratery furnace, or in 
pots standing on re- 
ceivers ; the sulphide 
melts and Sows from 
the admixed "gangue," 
and is thus obtained 
free from siliceous and 
earthy matters: this 
process is known as 
liquation. Fig. 142 
represente a liquation 
furnace used in France: 
the ore is introduced 
into the cylinders aa, 
which stand on peiv 
forated plates, and the 
melted sulpldde col- 
lects in the pots bb. 
The crude antimony, 
as the product is 
_ termed, contains about 
liy. 11-'. 60 per cent, of the 

metal, with more or less arsenic, lead, and iron : to obtain 
the antimony the sulphide is then heated to redness with scrap 
iron in covered crucibles placed in a reverberatoty funuto^ 
when the following i-caction occurs : Sb,S,+3Fe=3FeS+Sb,. 
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Tlie metal is fused with sodium carbonate and cliarcoal in 
order to remove the greater portion of the foreign metals, 
and is cast beneath melted tallow or under a readily fusible 
slag. 

The commercial metal often contains considerable quantities 
of arsenic, sulphur, iron, and lead. Antimony shows a 
considerable tendency to crystallise, and as sent into com- 
merce it frequently exhibits beautiful fern-shaped markings 
upon its surface. By melting a quantity of the metal, it may 
be obtained in rhombohedral crystals. Antimony has a 
bluish-white colour; it is very brittle, and may easily be 
reduced to powder in a mortar. Its density is 6 '8. It melts 
at 450^, and may be distilled at a high temperature in a 
current of hydrogen. 

Pure antimony is permanent in the air at ordinary tem- 
peratures : when melted it oxidises, and at a red heat takes 
fire and bums with a white flame, forming the trioxide. 

Antimony is deposited by the electrolysis of a solution of 
tartar emetic in antimony chloride as a highly-lustrous 
amorphous metal of specific gravity 5*78. When struck, the 
amorphous metal becomes very hot, chloride of antimony 
and hydrogen (?) are evolved, and it is changed into the 
ordinary variety. 

Ajitimony is mainly used in the arts for alloying with 
other metals. Type-metal is an alloy of antimony and lead 
containing about 20 per cent, of the former metal. Stereo- 
metal is an alloy of tin, lead, and antimony. Alloys of tin, 
lead, and antimony, and occasionally copper, are used for 
machinery bearings. Antimonide of nickel, NiSb, is found 
native as the mineral breithauptite, and antimonide of silver 
as dicrasitef Ag^Sb. 

176. Antimony Hydride or Stibine, SbHg, is best obtained 
by dissolving an alloy of zinc and antimony in dilute hydro- 
chloric or sulphuric acid. It is impossible to obtain it free 
from admixed hydrogen. It is a colourless, odourless gas, 
which takes fire on the approach of a light, and burns with 
a bluish-white flame, forming antimony trioxide and water. 
When passed through solutions of silver or mercury it forms 
black precipitates : the composition of the silver compound is 
AgsSb. 1£ the gas be passed through a red-hot tube, metallio 
10—11. o 
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antimony is deposited as a smoky black film possessing but 
little lustre. The film of antimony is distinguished from that 
of arsenic, obtained by tlie decomposition of arsenic trihydride, 
by its insolubility in solutions of the hyjiochlorites. 

177. Antimony Trioxide, Sb^Os, is found native as valenr 
Unite, which occurs in rhombic prisms ; and (although more 
rarely) as sena/rmontite, which crystallises in regular octa- 
hedrons. The trioxide is, therefore, isodimorphous with the 
corresponding oxide of arsenic. It may be formed artificially 
by the combustion of the metal in air, or by the action of 
steam upon the metal at a high temperature : 

Sbj + 3H2O = SbgOa + SHj. 

It is also obtained by mixing hot solutions of antimony tri- 
chloride and sodium carbonate. It is a greyish-white powder 
which becomes temporarily yellow on heating; it melts at a 
red heat, and may be sublimed unchanged out of contact with 
air: by exposure to oxygen when heated it forms the 
tetroxide. It is soluble in cream of tartar, forming tartar 

emetic, C^H^Og > aurv) ^^^ ^ hydrochloric acid to form the 

trichloride. 

178. Antimony Tetroxide, Sb^O^, or antimony antd- 
monate, SbgO^SbgOg, is obtained by roasting the preceding 
compound, or by the action of nitric acid upon the metaL 
It is found native as cmtimony ochre. It is a white .powder, 
easily soluble in hydrochloric acid. When treated with a 
hot solution of acid potassium tartrate (cream of tartar), 
antimony pentoxide remains undissolve^ whilst the trioxide 
passes into solution forming tartar emetic. 

179. Antimony Pentoxide, SbgO^, is best obtained by 
heating the finely-powdered metal with mercuric oxide. It 
is a light-yellow powder of. specific gravity 6*6, insoluble in 
water and in acids. When strongly heated, it is converted 
into antimony antimonate. . 

Antimony pentoxide is also obtained by the dehydration 
of antimonic acid. 

180. Antimonic Acid, HSbOg, exists in two modificationB 
distinguished by difierent basicities. Antimonic acid obtained 
hy the action of nitric acid upon the meta], or by adding an 
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acid to a solution of potassium antimonate, is a wliite powder 
very slightly soluble in water, and almost insoluble in 
ammonia. It gives rise to a series of neutral salts possessing 
the general formula MSbOg. Metantimonic acid is obtained 
by the decomposition of antimony pentachlorido by water. 
It is more soluble in water than antimonic acid^ and is readily 
dissolved by ammonia. It is dibasic, forming unstable salts 
of the general formula M^SbjOy and M2Sb205. The alkaline 
metantimonates are crystalline, whereas the antimonates are 
amorphous. The soluble acid-metantimonates give a precipi- 
tate with a sodium salt : the soluble antimonates give no such 
precipitate (see Vol. I., p. 80). By adding nitric acid to a 
solution of potassium antimonate, washing the precipitate, and 
allowing it to dry by exposure to air for many months, a 
hydrate of the formula HgSbO^, corresponding to arsenic and 
phosphoric acids, is obtained. On heating to 175° it loses 
water, and is converted into the grdinary acid HSbOg. 
Fremy obtained a third hydrate of the composition Hj^SIjO^j. 
A basic lead antimonate is used as a pigment under the name 
of Naples yellow. The acid-metantimonate of potassium, 
KHSbOg.dHgO, is occasionally used as a test for sodium 
compounds, with which it forms a precipitate of the composi- 
tion NaHSbOg-SHgO. 

181. Antimony Trichloride, SbClg, is obtained by the 
action of chlorine or mercuric chloride upon the metal, or by 
heating the trisulphide with mercuric chloride. It is a trans- 
lucent light-yellow fatty mass, whence its common name of 
huUer of watimony ; it melts at 72®, and boils at about 223°; 
it iB decomposed by water with the formation of the tri- 
oxide and hydrochloric acid, and two insoluble oxychlorides, 
viz., Sb^OgClg, crystallising in monoclinic prisms, formerly 
known as powder of Algaroth; and SbOCl or stibyl mono- 

ehlorida 

The pentachloride, SbCl^, is formed by heating the metal 
with an excess of chlorine, or by passing chlorine into the 
trichloride. It is a yellow, fuming, volatile liquid, freezing 
at — 6®, and decomposing on boiling into the trichloride and 
free chlorine. From the ease with which this decomposition 
occurs, the pentachloride is frequently employed as a chlori- 
nating agent. It is decomposed by water yielding hydro* 
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chloric and antimonic acids. By the cautious addition of 
absolute alcohol, it yields an alcoholate of the composition 
SbClg.CgHgO; this compound crystallises in white rhombic 
prisms ; it is hygroscopic, melts at about 67°, and is freely 
soluble in alcohol, ether, and chlorofoim. It is not very 
stable, and is at once decomposed by water with the forma* 
tion of alcohol, antimonic and hydrochloric acids. Similar 
compounds are obtained with methyl and amyl alcohols, and 
with ordinary ether. (Williams.) 

^n oxychloride, SbOClg, and a thiochloride, SbSClj, 
analogous to the cori'esponding phosphorus compounds, are 
also known. Two oxychlorides, SbgCligO, melting point 85% 
and SbgClyO^, melting point 97*5°, have been obtained by W. 
C. Williams by heating the pentachloride with the pentoxide 
(obtained by decomposing the pentachloride with water). 
The former body may be regarded as derived from a triple 
molecule of the pentachloride by the replacement of Clj by 
0; in the latter compound, 4 atoms of oxygen have replaced 
8 of chlorine in the original triple molecule. 

182. Antimony Tribromide, SbBrg, the only known com- 
pound of bromine and antimony, is formed by the direct 
union of its elements ; it is a colourless, crystalline, deliquescent 
body, melting at 90^ and distilling at 270°. It is soluble in 
carbon bisulphide, and is decomposed by water, forming an 
oxybromide. 

188. Antimony Tri-iodide is a dark-red crystalline body 
obtained by shaking finely-powdered antimony with a solution 
of iodine in carbon disulphide. It forms a series of richly- 
coloured double salts with the iodides of the alkalies and 
alkaline earths. 

An orange-coloured sulphiodide, SbaSgIg, is formed to- 
gether with the tii-iodide, by heating the trisulphide with 
iodine. 

184. Antimony Trifluoride, SbFg, is obtained by dissolving 
the trioxide in hydrofluoric acid. It is a white, crystalline, 
deliquescent salt, soluble in water without the precipitation 
of the trioxide. It unites with alkaline fluorides, forming 
double salts, which decompose when heated in contact with 
air. 

Antimony Fentafluoride; SbF^, is obtained by dissolving 
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afatimonic acid in hydrofluoric acid : the solution on evapo- 
ration in vacuo leaves the compound as an amorphous mass. 
It combines with the alkaline fluorides, giving rise to a well- 
crystallised series of salts. 

185. Antimony Trisolphide, SbgSg, is found native as the 
mineral stibnite or antimony-glcmcef and is the principal ore 
of the metal. It is found in Germany, France, Cornwall, 
America, etc., in well-defined prisms belonging to the rhombic 
system. It has a leaden-grey colour and metallic lustre, 
and is readily fusible. It is obtained of a reddish colour by 
throwing it when fused into water : thus treated, it is desti- 
tute of crystalline form. The amorphous hydrated sulphide 
is readily obtained of a dark-orange colour by passing sul- 
phuretted hydrogen through an acidulated solution of the 
trichloride, or through a solution of tartar emetic containing 
acetic acid. On heating to about 200° it parts with its water, 
turns black, and fuses, forming the grey sulphide. At a few 
d^rees above its melting point it takes fire and bums with 
a blue flame. It is soluble in alkaline sulphides, forming 
salts termed sulphantimonites (so-called livers of antimony/). 
A number of sulphantimonites of the heavy metals occur 
native, e.^., Bovlangerite Pb3(SbS3)2, Berthierite Fe(SbS2)2> 
and the various fcM-ores. 

The pentasulphide, SbgSg, is obtained as a yellowish-red 
amorphous powder by passing sulphuretted hydrogen through 
a solution of the pentachloride in water containing tartaric 
add. It is readily soluble in alkaline hydrates and sulphides, 
forming salts termed sulphantimonates, the best known 
of which is Schlippe'a salty the sodium sulphantimonate, 
Na^SbS^.QHgO. This body unites with sodium thiosulphate 
to form a double salt of the composition 

3Na3S.SbaS5.2(Na2O.SaOa).40HaO. 

It is interesting from the fact that it contains more mole- 
cules of water than any other inorganic salt at present 
known. 

The pharmaceutical preparation known as sulpho-stihias- 
calcivs is a mixture of the calcium salt with excess of lime 
and antimony oxysulphida The so-called " red antimony," a 
xnineralof a dark-red colour^ consists of antimony ozy8ulphidQ> 
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Sb203.2Sb2Sg = Sb20S2. It may be obtained artificially by 
fusing the trioxide with antimony trisulphide. 

Antimony is readily recognised by its orange-colonred sul- 
phide, insoluble in dilute hydrochloric acid, but soluble in 
alkaline sulphides and carbonates. Potash gives a white 
precipitate of the hydrated oxide, soluble in large excess. 
Antimony is precipitated from its solutions by iron and zinc 
as a black powder; by copper as a brilliant metallic film, 
soluble in solution of potassium permanganate. 



186. Bismuth — Symbol Bi; atomic weight 210. — This 
element was mentioned by Agricola in 1530, although it was 
doubtless known before his time. It is found in the metallic 
state in Saxony, and, associated with sulphur, copper, and 
lead, in Cornwall and Cumberland. The metal was formerly 
obtained by heating the impure native bismuth and accom- 
panying gangue in iron tubes placed in an inclined position 
in a furnace. The bismuth readily fused and ran down the 
iron tubes into earthen pots, from which it was ladled and cast 
in moulds. In the process now generally employed, the ore 
is first roasted, in order to expel any admixed sulphur, and 
is then melted with charcoal and metallic iron (to remove the 
last traces of sulphur) beneath slag in crucibles. The bis- 
muth is separated from the slag, which is mixed with an 
impure spdss (produced from the accompanying metals, viz., 
cobalt and nickel), and is slowly heated on an inclined iron- 
plate; the readily-fusible bismuth flows away from the foreign 
metals, and solidifies in hemispherical drops. The metal is 
further purified by remelting it with a small quantity of nitre, 
whereby the remaining traces of the copper, iron, sulphur, 
etc., are oxidised, and collect as a slag on the surface of the 
bismuth. 

Bismuth has a greyish-white colour, and is exceedingly 
brittle from its highly crystalline nature. When a quantity 
of the metal is melted in an iron pot, allowed partially to 
soUdify, and the still liquid portion poured away, the sides 
of the pot are found to be lined with aggregations of rhombic 
crystals possessing a beautiful iridescent lustre. The metal 
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Las a specific gravity of 9*93, but its density is lessened by 
subjecting it to intense pressure. Bismuth melts at 264°, 
and expands on solidifying. It is permanent in the air, but 
when heated it oxidises with the formation of a dioxide BigOg 
Bi— O 

II , and eventually takes fire and bums with a blue 
Bi— O 

flame, forming the trioxido. It is but slowly attacked by 
hydrochloric and sulphuric acids, but is readily dissolved 
by nitric acid. Bismuth is the most diamagnetic of the 
metals. 

Bismuth is principally used for alloying with other metals. 
Fusible metal consists of 2 parts of bismuth, 1 of lead, and 1 
- of tin. When heated, this alloy expands regularly up to 60% 
when it contracts until it melts at 95^ to 98®, after which it 
again expands : 1 volume at 0*^ becomes 1*00267 volumes at 
60®; at 82® it again becomes 1 volume ; at 95° its volume is 
0*9947. This property of expanding when cooling renders 
the alloy very valuable for taking impressions from dies, etc., 
as even the faintest lines are faithfully reproduced. 

187. Bismuth Trioxide, Bi203, occurs native as bismuth 
ochre, and is formed artificially by heating the metal in air 
or by igniting the nitrates. It is a yellow powder, which 
fuses at a h^h temperature and solidifies on cooling to a 
transparent glass. It is obtained as a hydrate, Bi^O^.HgO 
or BiHOg, by adding caustic potash or ammonia to a solution 
of the nitrate : on boiling wit^ excess of alkali, the precipi^ 
tate loses water and becomes yellow. 

Bismuth Pentoxide, BigOg, is a red powder formed by 
passing chlorine into a solution of potash containing the 
trioxide in suspension, and digesting the product with warm 
strong nitric acid to remove any admixed trioxide. 

Bismuth pentoxido readily parts with a portion of its 
oxygen on heating; passing into the tetroxide BigO^ or his- 
m,tUh hismuthateBi^Oc^JSiS>^* The strong acids convert it 
into the trioxide. 

Finely-powdered bismuth takes fire when thrown into 
chlorine gas, fonning the trichloride BiCl^ It is a white 
hygroscopic substance, melting at 230°, and volatilising at a 
hi£(her temperature. It dissolves in dilute hydrochloric acid: 
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the solution on tHe addition of water becomes turbid from 
the formation of bismutii ozychloride 

BiCl3+ H,0 = BiOCl + 2Ha 

The oxychloride is also formed by adding a solution of bismuth 
nitrate to a solution of a chloride. It is used as a pigment 
under the name of " pearl white." An oxychloride of the 
formula BigOg. BiOCl is found in Bolivia, in opaque crystal- 
line plates of a pearly lustre; it is known as davhreite. 

The dichloride, BigCl^, is formed by heating the trichloride 
with metallic bismuth. It is a brown fusible substance, 
decomposed by water, and resolved into bismuth and the 
trichloride at a high temperature. 

188. Bismuth Tribromide, BiBrg, is a golden-yellow 
crystalline substance, formed by the direct action of bromine 
upon bismuth: it is soluble in ether, and may be obtained 
by evaporation in deliquescent prisms. It melts at 215% 
and boils at a red heat, giving a red vapour. 

The dibromide, BinBr^, is a brown solid obtained by heat- 
ing the tribromide with metaQic bismutL 

189. Bismuth Tri-iodide, Bilg, may be obtained by the 
action of iodine upon bismuth or upon the trisulphide. It 
crystallises in large grey-coloured six-sided plates. On heat- 
ing in contact with air it forms a red ozyiodide, BiOL On 
treating the tri-iodide with sulphur it is converted into the 
snlphiodide BiSI, which crystallises in steel-grey needles. A 
corresponding sulphochloride and selenochloride are known. 

The trisulphide, Bi2S3, is found native as bismuthrglcmce, 
and may be prepared artificially by fusing bismuth with 
sulphur, or as a dark-brown precipitate by passing sulphur- 
etted hydrogen through a solution of a bismuth salt. The 
disulphide, BigSg, is formed by fusing the preceding com- 
pound with bismuth. It forms needle-shaped crystals of a 
high metallic lustre and steel-grey colour. An ozysnlphide, 
Bi^OqS, occurs native as the mineral ka/relinite. 

The normal nitrate, Bi(N03)3.5H20, is obtained by the 
direct action of the acid upon the metal. It forms large, 
colourless, deliquescent crystals, which are decomposed by 
water with the productionof a basic salt Bi(N03)3.Bi203.3HjO. 
Several other basic nitrates are known. 
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Bismuth salts in solution give a dark-brown precipitate of 
the hydrated sulphide, BigSg, with sulphuretted hydrogen : 
this substance is insoluble in ammonium sulphide, but readily 
soluble in nitric acid. Ammonia yields a white precipitate 
of the hydrate: on dissolving this precipitate in the least 
possible quantity of hydrochloric acid, and adding a quantity 
of water to the solution, bismuthyl chloride, BiOCl, is pre- 
cipitated. 



190. Yttrium— Symbol Y; atomic weight 88?— The 
existence of this element was first indicated by Gadolin in 
1794, in ytterhite or gadolinite, a rare mineral occurring at 
Ytterby in Sweden. The pure metal has not yet been 
prepared : the greyish-black lustrous powder obtained by the 
action of potassium upon the impure chloride, and considered 
by Berzelius to be yttrium, was a mixture of that metal with 
erbium. 

The oxide, YgOg, is a white powder obtained by heating 
the hydrate formed on adding caustic potash to solutions of 
yttrium salts. It glows when ignited, but its spectrum is 
free from bright bands; its solutions, moreover, do not exhibit 
absorption bands. 

The chloride, YCI3.6H2O, is a deliquescent body obtained 
by dissolving the oxide or hydrate in hydrochloric acid : on 
heating it loses water, but is not volatile. The fluoride 
occurs in yttrocerite, a mineral found in Sweden and North 
America. 

The sulphate, Y2(S04)3.8H20, is isomorphous with the 
corresponding salts of didymium and erbium : it forms soluble 
double salts with the alkaline sulphates. 



191. Didymium— Symbol T>; atomic weight 138? (U2-5 
Hermann, Zschiesche, Erk). — This element was discovered by 
Mosander in 1 8 4 1 . It occurs associated with yttrium, erbiu m, 
cerium, and lanthanum in cerite, yttrocerite, and other rare 
minerals. The metal is obtained by the action of potassium 
on the chloride, and is described as a grey powder, which 
oxidises even in dry air, and, when finely-divided, decom- 
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poses water; it is readily soluble in hydrochloric acid with 
evolution of hydrogen. 

The oxide, DgOg, is a white powder, soluble in acids. A 
higher oxide is supposed to exist, but its composition is un- 
known. 

The chloride, DCI3.6H2O, is obtained in rose-coloured 
crystals by concentrating a solution of the oxide in hydro- 
cUoric acid; by heat it is converted into an oxychloride of 
the composition DnOgCLSHgO (?). 

The sulphate, I)2(SO.)3.8H20, forms sparingly soluble 
double salts with the alkaline sulphates of the general formula 
DM (80^)2. The ammonium salt crystallises with 4 mole- 
cules of water, and corresponds to the indium-ammonium- 
sulphate InAm(S04)2.4H20, crystallised at 36^ Didymium 
sulphate is more soluble in cold than in hot water. 

Solutions of didymium salts possess a rose or violet colour : 
they afford a remarkable absorption spectrum, first observed 
by Gladstone. The number of the absorption-bands increases 
with the concentration of the solution, one in the yellow and 
one in the green are especially characteristic; by means of 
these bands the smallest trace of didymium may be detected 
in a solution. By comparing their intensity with that of the 
bands afforded by a didymium solution of known strength, an 
approximate estimate of the quantity of the element contained 
in the Hquid may be obtained. 



192 Erbium — Symbol E; atomic weight 178?— This 
element is foimd associated with yttrium in gadolinite, and 
was discovered by Mosander in 1843. He also announced 
the existence in this mineral of a third element called terbiwm, 
but subsequent investigators have failed to recognise it. 

The metal erbium has not been obtained. Its oxide, EgOjj, 
has a light rose-red colour, and when ignited glows with an 
intense green light, affording a bright band spectrum. The 
chloride and sulphate are analogous to the corresponding 
salts of yttrium and didymium : their solutions give dark 
absorption-bands coincident with the bright lines afforded by 
the incandescent oxide. The spectra are perfectly distinct 
from those of didymium. 
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198. Indium— Symbol In; atomic weight 113'4. — ^This 
rare metal was discovered in 1863 by Reich and Richter by 
the aid of the spectroscope. It occurs associated with zinc 
in blende to the extent of from '006 to 0*1 per cent., and is 
best obtained from the crude metal or " spelter." It is a 
silver-white, soft, ductile metal of specific gravity 7*4. It 
melts at 176° and oxidises at a high temperature, burning 
with a violet flame, which in the spectroscope exhibits char- 
acteristic lines in the violet and blue. 

194. Indinm Sesqniozidey IngOs, is obtained as a light 
yellow powder by igniting the hydrate or the nitrate. The 
hydrate^ InHgOg, is formed by adding ammonia to a boiling 
solution of an indium salt. By igniting the sesquioxide in 
hydrogen it becomes green, then grey, and ultimately black. 
Tie green oxide has the composition 2InO.Li203, the grey 
oxide 3InO. 21x120., and the black oxide InO^. 

195. Indium Chloride, InClg, is obtained by the direct 
union of its elements. The metal heated in chlorine bums 
with a greenish-yellow flame forming white laminse of the 
chloride, volatile at a high temperature. It forms double salts 
with the alkaline chlorides : the ammonium salt has the com- 
position 2NH4Cl.InCl3.H2O. 

196. Indium Nitrate, In(N0g)3, ^ obtained by dissolving 
the metal in nitric acid. The sulphate, In2(S04)39H20, 
is a noim;i7stalline powder readily soluble in water, and 
forming with ammonium sulphate, indium-ammonium-alum, 
In2(NH4)2(S04)4 + 24H2O, crystallising in large octahedrons 
modified by the cube. It fuses at 36°, brealang up into a 
solution of the alum^ and a salt containing only 4 or 8 mole- 
cules of water. 

197. Indium Sulphide is a yeUow or brown powder formed 
by passing sulphuretted hydrogen through a neutral solution 
of an indium salt, or by heating the oxide with sulphur. It is 
insoluble in colourless solutions of the siilphydratcs, but dis- 
solves in yellow ammonium sulphide, and is decomposed b^ 
sulphuric and hydrochloric acids. 

Indium may be recognised in commercial zinc by treating 
the metal with hydrochloric acid until the whole is nearly dis- 
solved, pouiing off the clear solution and treating the residue 
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with a few drops of Bulphuric acid, evaporating nearly to 
dryness, filtering from any lead sulphate, mixing with excess 
of ammonia, collecting the precipitate, redissolving it in a 
small quantity of hydrochloric acid, and adding to the solu- 
tion acid-sodium sulphite. A salt of the composition 
2in2O3.3SOp.8H2O separates out, which readily gives the 
characteristic spectral indications. 



198. Rhodium — Symbol Rh; atomic weight 104. — ^This 
metal was discovered by WoUaston, in 1804, in certain 
platinum ores from Brazil : ib is always present in greater or 
less quantity in the residues obtained in the extraction of 
platinum.^ Bhodium resembles platinum in its lustre, but 
it is harder, less ductile, and more infusible than that metal. 
When melted it absorbs oxygen, which is partially evolved 
as the metal solidifies. Its specific gravity is about 12. It 
is much less permanent in the air than platinum, and at a 
bright red heat it oxidises. It is almost insoluble in aqua-regia 
unless alloyed with other metals, but it may be obtained in 
solution as the sodium chlororhodiate, dNaCl.IlhClg, by ignit- 
ing a mixture of rhodium and common salt in a stream of 
chlorine gas. 

Rhodium combines with oxygen in four proportions to form 
RhO, RhgOg, RhOp, and RhOg. 

The monoxide is a dark-grey powder, formed by heating 
the trihydrated sesquioxide RhgOg.SHgO. 

The sesquioxide is obtained by heating the nitrate, or as 
the hydrate Rh203.3H20 or RhHgOg, by adding strong solu- 
tion of potash to sodium chlororhodiate. 

The dioxide is a brown powder obtained by heating the 
finely-divided metal or the preceding oxide with nitre. It 
may be obtained hydrated of the composition Rh022H20, or 
of a green colour by treating the trihydrated sesquioxide 
with chlorine. 

The trioxide is a blue powder produced by passing chlorine 

into potash solution containing the hydrated sesquioxide in 

suspension. It readily loses oxygen and is converted into 

the dioxide. ^ 

♦ See Buiwen. PhiL Mag. [4], XXXVI, 263. 
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** Bhodium appears to form only one combination with 
chlorine, viz., the trichloride, BhClg. It is obtained by heat- 
ing the metal in chlorine, or by treating sodium chlororhodiate 
"with sulphuric acid. It is a brownish-red powder, insoluble 
in water, acids, and alkalies. In the hydrated state KhCls. 
4H2O, as obtained by concentrating a solution of rhodic oxide 
in hydrochloric acid, it is readily soluble in water and alcohol. 
This compound combines with alkaline chlorides to form 
double salts, termed chlororhodiates, of a dark-red or rose 
colour, whence the name of the element. When the am- 
moniacal compound is mixed with excess of ammonia, the 
solution filter^ and concentrated, a yellow salt is obtained, 
which, on treatment with water, loses ammonium chloride 
and forms ammonio-rhodium trichloride, dNHg.EhClg. This 
compound is the chloride of a rlwdaminef the oxide of which 
lONHg.RhgOg, may be obtained by digesting the salt with 
silver oxide and water. 



199. Gold — Symbol Au (Aurum); atomic weight 197. — 
Gold has been known from very early times : its comparative 
rarity, its exceptional colour, and its power of resisting 
atmospheric influences have caused it to be esteemed as one 
of the most precious of metals. By the alchemists it was 
known under the symbol of the sun, O. Although seldom 
met with in large quantity in any one locality, it is one of 
the most widely-distributed of the elements. It is chiefly 
found in the metallic state, and generally alloyed with more 
or less silver, copper, and iron: the following analyses will 
serve to show the general composition of the native metal: 

Australia. California. Knssia. Walra. 

Gold, 94()4 8910 98*96 898.3 

Silver, 495 1050 016 9*24 

Copper, — — 0"05 — 

Iron, 0*41 020 035 — 

10000 99-80 99-52 99-07 

€k>ld has been hitherto met with in largest quantity in 
alluvial deposits formed by the disintegration of crystalline, 
metamorphic, and trachytic rocks; hence the sands of many 
rivers contain it in notable amount. The chief supplies of 
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the metal are now obtained from Califomia, Australia, and 
British Columbia, although in former times Spain, Hungary, 
the Indies, and South America furnished considerable 
amounts. In order to extract the gold from alluvial deposits, 
advantage is taken of its high specific gravity. The auri- 
ferous earth is washed in a stream of water whereby the 
siliceous particles are carried away, and the greater portion 
of the metallic grains remains at the bottom of the washing 
apparatus. 

In Australia and in America considerable quantities of 
gold are found in quartz in filiform and arborescent frag- 
ments. The gold-quartz is crushed between iron rollers, or 
stamped to coarse powder by means of heavy hammers. The 
gold in the crushed ore is then extracted by mercury, and 
the amalgam is distilled to separate the metals. Molten lead, 
which readily dissolves gold, is sometimes employed instead 
of mercury, the metals being afterwards separated by cupel- 
lation. The gold obtained in these processes invariably con- 
tains more or less silver and copper : the last-named metals 
are separated from the gold by the process termed qiiartcUion 
i)v parting. The alloy is first melted in wrought-iron crucibles 
and poured into water in order to granulate it. It is then 
boiled with strong sulphuric acid, whereby the silver and 
copper are converted into sulphates which dissolve in hot 
water, and the gold is left behind as a black powder. If the 
proportion of gold is considerable, the alloy must first be fused 
with silver before the operation of parting is commenced. The 
silver is readily obtained from the solution by the addition of 
scrap-copper. The gold is frequently further purified by 
forcing chlorine gas through it when molten : the remaining 
traces of silver rise to the surface as silver chloride, and any 
arsenic, bismuth, or antimony (which render the metal brittle), 
are expelled as volatile chlorides. 

Gold is one of the few metals possessing a yellow colour, 
Wlien beaten out into thin leaves and viewed by transmitted 
light it appears green; when very finely-divided it is dark- 
red or black. Gold is the most malleable and ductile of 
the metals : it may be beaten out into leaves not exceeding 
,^^ i_^^th of a millimetre in thickness. Faraday calculated 
thut the gold contained in four sovereigns could be made 



GOLD. 223 

into a wire long enough to surround the earth. The specific 
gravity of gold is about 19'3; it melts at about 1300°, and 
may be volatilised at a high temperature. It preserves its 
lustre in the air, and is not acted upon by any of the ordinary 
acids. Chlorine in solution and nitrohydrochloric acid con- 
vert it into the trichloride. 

Gold alloys readily with other metals. Pure gold is nearly 
as soft aa lead: in order to increase its hardness when used 
for articles of jewellery and for coinage it is mixed with silver 
or copper. The alloy employed for coin in this country con- 
sists of 11 parts of gold and 1 part of copper: the specific 
gravity of this alloy is 17*157. In the United States and 
in France the proportion of the metals is 9 of gold to 1 of 
copper. The "fineness" of gold, or its proportion in the 
alloy, is usually expressed by stating the number of carats 
present in 24 carats of the mixture. Pure gold is stated to 
to be 24 carats "fine:'' sovereign or standard gold is 22 
carats "fine:" 18 carat gold is a mixture of 18 parts of gold 
and 6 of alloy. 

The fineness of gold may be approximately estimated by 
means of the toitcli-stone, a basaltic stone formerly obtained 
from Asia Minor, but now procured from Saxony and Bohemia. 
The sample of gold to be tested is drawn across the stone, 
and the streak of metal is treated with dilute nitric acid : 
from the rapidity of the action, and the intensity of green 
colour produced (due to the solution of the copper), as com- 
pared with streaks made by alloys of known composition, the 
assayer is enabled to judge of the proportion of inferior metal 
which is present. 

Gold unites with oxygen in two proportions to form the 

Au 
monozide, AugO or 11 \0, and the trioxide, AugOg. The 

Au 
monoxide is a green unstable powder obtained by cautiously 
adding caustic potash to a solution of the auric chloride. The 
trioxide is formed by adding an excess of alkali and then 
sulphurous acid to a solution of the trichloride. It is a brown 
powder which is decomposed by exposure to light or by heating. 
It is dissolved by alkalies and forms salts termed aurates : 
the potassium salt has the composition KAuOo.3HoO: it i§ 
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very soluble in water, and is nsed in electro-gilding. On 
adding potassium sulphite to its solution, potassium auro- 
sulphite, 2(KAu02.4:HKS03)H20, is deposited in fine yellow 
needles; the salt is decomposed on boiling with water. A 
Bodium-aurous-thiosulphate, Na3Au(S203)2.2H20, formed 
by mixing strong solutions of gold chloride and sodium thio- 
sulphate, is employed in photography. 

200. Aureus Chloride, AU2CI2, is a yellowish-white in- 
soluble powder obtained by heating auric chloride to 180° or 
200° until the colour changes to pure yellow. It is decom- 
posed by boiling water into metallic gold and the trichloride, 

3 AugCla = 2 AuClj + 2 Aug. 

Auric Chloride, AUCI3, is obtained by dissolving the 
metal in nitrohydrochloric acid. It is a deep-red crystalline 
deliquescent powder. The yellow needle-shaped salt usually 
obtained by evaporating the acid solution to the crystallising 
point is an acid chloride, HCI.AUCI3. Auric chloride is 
soluble in ether and in alcohol. It readily unites with other 
chlorides to form double salts, termed chloro-aurates. The 
potassium compound has the composition 2(KC1. AuCy.SHgO. 
Auric chloride also unites with many hydrochlorates of 
organic bases, e.g,, strychnine, ethylamine, etc., to form 
characteristic compounds. 

201. Aurous Iodide, Augig, is a light-yellow sparingly 
soluble powder, formed by adding potassium iodide to auric 
chloride, 

2 AUCI3 + 6KI = Aujia + 2X3 + 6KCL 

By carefully adding auric chloride to potassium iodide the 
dark-green auric iodide, AUI3, may be obtained; it readily 
decomposes into aurous iodide and free iodine. Auric iodide 
unites with the alkaline iodides to form compounds termed 
iodo-aurates. The potassium compound KLAuIg forms 
highly lustrous, intensely black four-sided prisms. 

202. Aurous Sulphide, AugS, is obtained as a dark-brown 
powder by treating a hot solution of auric chloride with 
sulphuretted hydrogen. It dissolves in alkaline sulphides to 
form double salts. 

Auric Sulphide, AU2S3, is a yellow powder, formed by 
passing sulphuretted hydrogen into a cold and dilute solu- 
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tion of auric chloride. Neither of these compounds can be 
obtained pure by the action of sulphuretted hydrogen : the 
precipitated sulphide invariably contains more or less free 
sulphur and metallic gold. 

A double sulphide of gold and silver, 2 AugSg.SAggS, is 
formed by the action of sulphur upon an alloy of the two 
metals: it is a dark-grey crystalline substance of specific 
gravity 8'159, and is decomposed by ignition in hydrogen. 

The presence of gold in a mineral may be detected by 
agitating it in a state of powder with alcoholic tincture of 
iodine, dipping a piece of Swedish filter-paper into the liquid 
and incinerating it : the gold is indicated by the purple colour 
of the ash. The alcoholic tincture should then be evaporated 
to dryness, heated gently, the residue treated with nitrohydro- 
chloric acid, and the solution again evaporated. On adding 
water and dipping into the liquid a glass rod moistened with 
a mixed solution of stannous and ferric chlorides, the forma- 
tion of a bluish-purple colour ( Purple of Cassius) confirms 
the presence of gold. 



CHAPTER VIII. 



GROUP IV.— TETRAD METALS. 


Tin. 


Cobalt. 


I 


NiCKKT.. 


Aluminium. 




Zirconium. 


Platinum. 


Cerium. 


Iridium. 


I4ANTHANUM. 






TiEAD. 


Tttanium. 






Thorium. 



Tin serves to connect the tetradio non-metallic elements with 

the above group of metals: it stands to silicon and carbon in 

the same relation in which antimony stands to phosphorus 

10—11 ^ 



226 INORGANIC CHEMISTRY. 

and nitrogen. Its atomic value is indicated by the tetra- 
chloride and fluoride, by the dioxide, and by staimic ethide, 
Sn(C2H5)4. In certain of its combinations, as in stannous 
chloride, SnClg, stannous oxide, SnO, and stannous ethide, 
Sn(C2Hg)2, tin appears to be a dyad : the chloride and oxide 
may, however, be represented as SugCl^ and Sn^Og : thus 

Sn=Clj Sn=0 

II and II 

Sn=Cl2 Sn=0. 

The molecular weight of stannous ethide is not known, 
since it cannot be volatilised without decomposition : when 
vapourised it is resolved into stannic ethide and metallic tin; 
this fact may possibly indicate that its molecule contains 4 
molecules of ethyl and 2 atoms of tin — 

II 

Aluminium is generally regarded as a triad, but some of 
its compounds appear to be best represented on the assump- 
tion that it is tetradic. Alumina, the oiily known oxide, 
would thus have the constitution — 



l>0 



The vapour density of the chloride indicates that its molecule 
contains 2 atoms of Al; hence its formula may be written — 

CI 
CI— Al-Cl 



Cl— Al-Cl 

I 
Cl. 

^ Aluminium methide appears to have a constitution analo- 
gous to that of the chloride at temperatures slightly above 
its boiling point: at 220°, however,' its molecule suffers dis- 
sociation, yielding 2 molecules of A1(CH3)3. It is, of course, 
possible that aluminium, like tungsten and uranium, may 
have a variable atomicity, being sometimes a perissad| at 
other times an artiad. 
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Hertwig and, more recently, Lupton have described a 
number of potassium-aluminium sulphates, and of ammonium- 
aluminium sulphates, obtained by the partial dehydration of 
the corresponding alums : their observations show that the 
molecule of the common alums must contain, respectively, 
Al2K2(S04)4 and Al2(NH4)2(S04)4: on the assumption that 
aluminium is tetradic these compoimds would be written — 

SO4—AI— SO4K SO4— Al— SO^CNH^) 

I 11 I li 

SO4— Al— SO4K SO4— Al— S04(NH4) 

Potash alum. Ammonia alum. 

The constitution of a number of aluminium compounds 
may be expressed as follows; — 

A1=(0H)3 0=A1— OK 

A1=(0H)3 0=A1-0K 

Alnmininm hydrate (OihbsUe), Potassium aluminate. 

0=A1— O 0=A1— 



I 
Mg 

0=A1— O ' 0=A1 



Spinel. Gahnite. 

\a1=S04 SiOs=Al^ 

Aluminic sulphate. Kaolin. 

The tetradic character of zirconium is well marked in its 
chloride, fluoride, and oxide: this element, indeed, has the 
closest analogies to silicon and tin. 

The relations of cerium, lanthanum, and thorium, have 
been discussed by Mendelejeff. From considerations based 
upon his laws of periodicity, Mendelejeff has been led to 
regard the atomic weight of Ce = 138, that of La = 180, and 
that of Th = 231*5. The vaiue assigned to Ce agrees with 
the atomic heat of the metal, as determined by Mendelejefi, 
and, more recently, by Hillebrand. Cerous oxide has accord- 
ingly the formula 00203, and eerie oxide that of Ce02; its two 
chlorides are respectively CogClg and CeCl^. The specific 



228 INORGANIC CHEMISTBY. 

heat of lanthanum, according to Hillebrandy is 0*044859 
which agrees with the value Ci = 139 (Cleve). Lanthanum, 
unlike cerium, forms only one set of compounds, as Jj&^O^, 
LagClg, and La2(S04)3 : in tliis respect it agrees with thorium, 
the tetradic character of which has been already pointed out 
by Chydenius and Delafontaine. 

The quantivalence of titanium is indicated by its oxides 
and chlorides : the dioxide and tetrachloride are strictly an- 
alogous to the corresponding compounds of tin and silicon. 

Nickel and cobalt are usually associated together by reason 
of the close resemblance of their derivatives to each other : 
in the greater number of these compounds the metals appear 
to act as dyads, but cobalt is distinctly tetradic in its higher 
oxides, in the oxycobaltamine salts, and in cobaltic chloride. 

Platinum and its congener iridium are generally tetrads; 
although in certain of their compounds they seam to act as 
dyads; on the whole, however, the general tetratomic character 
of these metals is more evident than in the case of the other 
members of the so-called platinum group. 

The atomic value of lead is indicated by the constitution of 
plumbic ethide, Vh{G2H^)^, and by that of the unstable tetra- 
chloride, PbCl^ : in several of its compounds it is certainly 
dyadic; in fact, many of its analogies indicate that it stands 
to the group of the alkaline earths in a relation fflTnilar to 
that in which thallium stands to the alkalies. 



203. Tin— Symbol Sn (Stannum); atomic weight 118-10. 
— ^This metal, although met with in comparatively few locali- 
ties, has been known from very early times. The tin mines 
of Cornwall were worked before the Koman invasion of 
Britain; indeed, the British Isles were anciently known as 
the Cassiterides, from the fjEict of their yielding tin ores 
(KaaaiTepoc — ^tin). The word stcmnwm originally denoted any 
white metallic alloy containing lead or tin : it was only about 
the fourth century that it was applied solely to the latter 
metal. By the alchemists tin was known under the sign of 
Jupiter %. Cornwall and Devonshire have long been the 
principal tin-producing districts of the world* Malacca and 
Banca also furnish large supplies of the metal; the tin 
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obtained from the latter place is exceptionally pure. A con- 
siderable quantity of tin ore is obtained from Saxony, South 
America, and Australia. 

Native tin is exceedingly rare, and has been hitherto met 
with only in Bolivia. The metal as found in commerce is 
extracted entirely from " tin stone " or caasiterite, SnOg. The 
ore is met with in alluvial deposits and in veins accompanied 
by wolfram and the sulphides of copper, iron, zinc, and 
arsenic. The rough ore is picked, cleaned, sorted, and 
crushed to powder, after which it is washed in wooden 
troughs through which a stream of water flows; the gangue 
and earthy impurities are carried forward in the stream, and 
the specifically-heavier ore is gradually concentrated in the 
residues. The washed ores, containing the oxide of tin and 
the greater portion of the associated sulphides and wolfram, 
are then calcined in a reverberatory furnace to expel the sul- 
phur and araenic, and to oxidise the iron, etc. The roasted 
mass is next exposed to the air for a short time to convert 
any sulphides of iron and copper still remaining in the ore 
into sulphates : these salts are removed by washing, and the 
copper in solution, if sufficiently large in amount to be worth 
extraction, is precipitated by means of scrap-iron. The 
calcined and li^viated ore is again washed, and if the amount 
of wolfram is considerable, it is frequently fused with sodium 
carbonate: sodium tungstate is thus formed, and may be 
extracted by treatment with water. The tin ore is then 
mixed with about one-fifth of its weight of powdered anthra- 
cite, together with some lime or fluor-spar, and is smelted in 
a reverberatory furnace (figs. 143 and 144). The reduced 
metal is then purified, first by liquation and then by Hxivior 
tion or boiling. In the operation of liquation the pigs of the 
crude metal are placed in a reverberatory furnace with a slop- 
ing hearth, and are subjected to a temperature sufficiently high 
to melt out the tin, which flows down the hearth into the 
refining basin at the bottom, leaving the iron, copper, etc., as 
oxides in the residuum. The molten tin is next stirred with 
billets of wood, whereby it is thrown into ebullition by the 
disengagement of gas from the charring wood : the entangled 
oxides are thus brought to the surface and are skimmed off*. 
The mass of metal is allowed to cool down gradually : it thxvs^ 
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axraagBB itself into strata of which the upper yieUa th$ best 
quality of tin, the lowest being still very impure. The finer 

quality is frequently reheated to near the melting point: it 




Fig. 144. 
Ill if dropped from a height breaks 
hich como into the market as grain 
Commercial tin is seldom free from small quantities of 
arsenic, lead, copper, iron, etc. To obt^ it chemically pore, 
grain tin is dissolred in hydrochloric acid; a quantity o£ 
water is cautiously poured over the strong solution and a bar 
of tin placed in the liquid, when prismatic cr3mtalH of the 
pure metal are slowly deposited at the juncture of the two 
layers. Chemically pure tin may also be obtamed by reducing 
the pure dioxide with charcoal prepared from sugar. 



thus becomes brittle, 
into prismatic niasaes, 



TIN. 231 

Tin is a white, strongly-lustrous metal; when heated it 
emits a peculiar smell, and when bent gives out a crackling 
sound, owing to its highly crystalline character. The internal 
structure of the metal is well seen by washing its surface 
with dilute aqua-regia : the fern-like appearance of the forms 
thus developed is due to the reflection of light from the ex- 
posed crystals. Large and well-defined crystals may readily 
be obtained by melting a quantity of the metal, allowing it 
to solidify partially, piercing the crust, and pouring out the 
still liquid portion. Tin possesses but little tenacity : it has, 
however, a high degree of malleability; tin-foil may be ob- 
tained in leaves less than -^th of a millimetre in thickness. 
When exposed to great cold for some time, blocks of tin have 
been observed to disintegrate in a remarkable manner. The 
specific gravity of tin varies from 7*14 to 7*3, according to the 
manner of its preparation and treatment. It melts at about 
235°, and boils at a white heat. At ordinary temperatures 
tin experiences very little change on exposure to air, but in 
process of time it becomes coated with a dark-brown coating 
of oxide; when fused in contact with air it acquires a film 
of oxide; at a white heat it bums with a bright flame, and 
is converted into the dioxide. The strongest nitric acid has 
but little action on tin, but in contact with the dilute acid 
the metal is oxidised with great rapidity; if the acid be cooled 
the tin dissolves, forming a clear yellow solution; on heating, 
this liquid becomes colourless, and metastannic hydrate is 
precipitated. Strong hydrochloric acid quickly dissolves tin 
on heating, evolving hydrogen and forming stannous chloride. 
Dilute sulphuric acid has but little action on the metal; when 
heated with the concentrated acid, sulphui* dioxide is evolved. 

The alloys of tin are of considerable importance. With 
copper it forms gun-metal f which contains about 10 per cent, 
of tin. Belt-metal contains three parts of copper and one 
part of tin* SpeculuTn-metal usually consists of 1 part of 
tin and 2 parts of copper: it is white, very hard and brittle, 
and takes a high polish. Bronze is a variable mixture of 
copper and tin, and often contains zinc, lead, and iron : the 
bronze employed for the coinage of this country contains 95 
parts of copper, 4 parts of tin, and 1 part of zinc. Bronze, by 
slow cooling, becomes exceedingly brittle and hard: rapid 
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cooling renders it soft. Solder is a variable mixture of lead 
and tin. Pewter consists of a mixture of 4 parts of tin and 
1 part of lead. Britannia-metal and QueerCa-metal are alloys 
of tin, copper, zinc, antimony, bismuth, and lead. 

Mercury readily dissolves tin, and an amalgam of tin is 
employed in the manufacture of glass mirrors. A sheet of 
tin-foil is placed on a smooth stone slab, covered with mer- 
cury, and the plate of glass cautiously placed over the surface 
so that no air-bubbles intervene. Weights are then placed 
on the glass, and the slab is gradually inclined to allow the 
excess of the mercury to drain away. 

Tin-plate is an alloy of iron and tin formed upon the sur- 
face of the former metal. In the manufacture of tin-plate 
the sheets of iron are carefully cleaned by being immersed 
for a few minutes in dilute sulphuric acid, placed in a reheat- 
ing furnace, and when cold hammered and passed between 
polished rollers to detach any adherent scales of oxide : they 
are again placed in acid, scoured with bran, and set aside in 
lime-water (which preserves the surface from oxidation), 
until wanted. Care is necessary to obtain a perfectly clean 
surface, otherwise the tin will not alloy with the iron. To 
coat them with tin, the sheets are placed in a bath of liquid 
tallow, and they are then immersed in a vessel containing 
melted tin, in which they remain for a couple of hours. They 
are next transferred to a second bath of pure tin, and are again 
heated under tallow to allow the excess of tin to flow down 
to the edge of the plate. The thick mass of solidified tin is de- 
tached from the edge by dipping it into a small quantity of 
tiu, heated considerably above the melting point ; by giving 
the plate a smart blow the excess of the metal is removed. 
The crystalline appearance known as moiree metallique, some- 
times given to tin-plate, is obtained by washing it with dilute 
aqua-regia. 

Copper is readily coated with tin by making the surface 
perfectly clean by rubbing it whilst hot with powdered sal- 
ammoniac, sprinkling with resin to prevent oxidation, and 
spreading the melted tin over the plate with tow. Small 
articles of brass, such as pins, are " tinned " by being boiled 
in a solution containing alum, common salt, cream of tartar^ 
and granulated tin. 



i 
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504. stannous Oxide, SnO, or SdjO^, is obtained as a 
black powder by adding sodium cai'bonate to a, solution of 
BtannQus cbloride, and drying the precipitated hydrate in 
hydrogen. If the moist tydrate be boiled witli a quantity 
of caustic potash insufficient to dissolve it, it is dehydrated 
and rendered crystalline. It may be obtained aa a cinnabar- 
colonred powder by suspending the hydrate in a dilute solu- 
tion of sal-ammoniac and evaporating to dryness. Stannous 
oxide ia readily oxidised Trhen heated; it may be ignited hy 
contact with a red-hot body. The hydrate is a white amor- 
phous powder which absorbs oxygen on exposure to air, and 
is readUy soluble in acids and in the fixed alkalies. When 
boiled with certain metallic oxides, stannous hydrate acta as 
a reducing agent; thus it yields cuprous oxide and eventually 
metallic copper with a solution of a cupric salt. 

505. StannouB Stannate, or Tin Sesqniozjde, Sn^O^, is 
a greyish-coloured precipitate, readily soluble in ammonia, 
formed by boiling ferric hydrate with, a solution of stannous 
chlorida 

806. Stannic Oxide, SnOj, occurs native as ca^atierile, 
and constitutes the principal ore of the metal. It forma 
well-defined quadratic crystals, frequently macled (fig. 145), 
isomorpbous with avataee (p. 64), 
generally of a dark-brown or black 
colour from the presence of foreign 
metals. It may be obtained in 
rhombic crystals, and of a form 
isomorphous with that of brookile, 
TiOj {p. 357), by passing stannic 
chloride and 8t«am through a red- 
hot poi'celain tube. The quadratic 
form of the oxide may be procured 
by heating amorphous stannic oxide 
in hydrochloric acid gaa. 

The amorphous oxide is obtained 
by the calcination of tin; it is a Fig. 145. 

white powder which becomes ti-ansiently yellow whea 
lieat«d. It is used in the arts under the name of putty- 
powder for polishing glass, stone, and steel. It is also used 
in the manufacture of opaque glass, and in the preparattaa. 



of enamels. It is not attacked by acids, but dissolves on 
fusion with acid potassium sulphate. On the addition of water 
to the solution it is precipitated. Chlorine gas converts the 
dioxide into stannic chloride. The Furple of Cassius consists 
of stannic oxide coloured with finely-divided gold or one of 
its oxides ; it is not a true chemical combination, but belongs 
to that indefinite class of substances termed " lakes." By fus- 
ing the dioxide with a mixture of borax and microcosmic salt, 
quadratic pyramids isomorphous with anatase and of the com- 
position SnNa2(P04)2, and rhombohedra of the composition 
Sn2Na(P04)3, are obtained. Titanium dioxide forms a com- 
pound similar in composition to the latter body. Two stannic 
hydrates are known, viz., stasnlc acid, H2Sn03, and xneta- 
stannic acid, H^QSn^Oig. The former acid gives rise to a 
series of salts of the composition MgSnOgj the latter to a 
series of the formula MgHgSngOig. 

Stannic acid is obtained as a gelatinous precipitate by the 
addition of hydrochloric acid to a solution of an alkaline 
Btannate, or by adding barium or calcium carbonate to stannic 
chloride. On drying it forms a semi-transparent ma«8 which 
reddens litmus. The most important salt of this acid is the 
sodium staQnate which is used by the calico printer as a 
mordant. It is prepared by fusing the native dioxide with 
the hydrate, chloride, or nitrate of sodiimi; or by boiling 
tin-stone with solution of the hydrate : when recrystallised it 
has the composition NagSnOg.SHgO. 

Metastannic acid is formed bv the action of nitric acid 
upon tin. When dried in the 'air it haa the composition 

^^5^10*^ ^•'^2^ • ^^ ^^ ^ white crystalline powder which dis- 
solves slowly in solutions of the alkaline hydrates. If the 
solution be boiled with excess of the alkali, ordinary stan- 

nates are produced. Sodium metastannate, NagHgSngO^g, 
is formed when metastannic acid dissolves in a cold solution 
of soda. Stannous metastannate, SnHgSgOig (?), is a yellow 
powder formed by the addition of metastannic acid to stannic 
chloride. 

207. Stannous Chloride, SnClg or Sn2Cl4, is a grey trans- 
lucent solid formed by heating tin in hydrochloric acid gas, 
or by heating "tin-salt," or hydrated stannous chloride, in 
closed vessels : the water is gradually expelled, and when the 
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heat approaclies redness the anhydrous chloride distils over. 
It melts at 250^ and boils at a low red heat with partial 
decomposition into the tetrachloride and metallic tin. 

Tin-salt, or hydrated stannous chloride, SnClg-SHgO, is 
prepared for the use of the calico printer by dissolving the 
metal in hydrochloric acid. The salt is readily soluble in 
water, but its solution on exposure to air becomes turbid, 
owing to the formation of an insoluble oxychloride, SujOClg. 

SSnClj, + = SnaOaj, + SnCl^. 

The solution forms a strong reducing agent : gold and silver 
salts yield the respective metals; ferric, manganic and cupric 
salts are converted into ferrous, manganous and cuprous com- 
pounds; indigo-blue is reduced to indigo-white, etc. Tho 
deoxidising powder of the stannous chloride is frequently 
taken advantage of in analytical chemistry. 

208. Stannie Chloride, SnCl^, has long been known under 
the name of the " fuming liquor of libavius." It is a colour- 
less, strongly fuming, caustic liquid of specific gravity 2*279, 
and boiling point 1 13*9°; it is prepared by the action of chlorine 
on tin, or by heating the metal with corrosive sublimate. It 
absorbs water from the air and deposits crystals of the com- 
position SnCl^.SHgO. With one-third of its weight of water 
it forms the so-called Butyrvmb atcmni, or JyuUter of tin. This 
substance may also be obtained by heating stannous chloride 
with hydrochloric acid and a little potassium chlorate. The 
nitro-m/u/riate of tin of commerce, the "composition" or 
« physic " of the dyers, is obtained by dissolving tin in cold 
aqua-regia, or by adding hydrochloric acid to a solution of 
tin crystals, together with sulphuric acid and sodium nitrate. 
The " pink salt " employed in calico printing is a chlorostan- 
nate of ammonium, 2NH4Cl.SnCl4, prepared by mixing solu- 
tions of the constituent cmorides. When dilute its solution 
deposits stannic hydrate on boiling, which acts as a mordant 
by combining with any colouring matter present in the 
liquid. 

209. Stannous Sulphide, SnS^ is formed by heating tin- 
foil with sulphur. It is thus obtained as a leaden-grey 
crystalline powder. It may also be prepared as a black 
^orphous ^cipitate by the action of sulphuretted hydro^'^^ 
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on a solution of stannous chloride. It dissolves in strong 
hydrochloric acid, and in yellow ammonium sulphide, forming 
stannic sulphide. 

210. Stannic Sulphide, SnSg, may be obtained in golden 
yellow spangles by passing stannic chloride and sulphuretted 
hydrogen through a heated tube, or by heating mixtures of 
finely-divided tin, sulphur, and sal-ammoniac, or of stannous 
sulphide and corrosive sublimate. The preparations thus ob- 
tained are known under the name of " mosaic gold." Stannic 
sulphide may also be prepared by passing sulphuretted 
hydrogen into a solution of a stannic salt : it thus forms a 
light-yellow powder which becomes brown on drying; it is 
soluble in the alkaline sulphydrates, forming salts termed 
sulphostannates. 

The mineral sfa/nnine or tin-pyriteSy found in Cornwall, is 
a mixed sulphide of copper, tin, and iron: occasionally a 
portion of the iron is replaced by zinc. The formula of the 
mineral is CugMSnS^, M being Fe or Zn. 

Salts of tin readily give malleable globules of the metal 
when heated with charcoal in the reducing area of the Bunsen 
flame. 

Stannous salts give a white precipitate of calomel with 
a solution of mercuric chloride; with auric chloride they 
give the "Purple of Cassius;" with stannic salts these pre- 
cipitates are not formed. Sulphuretted hydrogen with 
stannous salts gives the dark-brown stannous sulphide ; with 
stannic salts it produces the yellow stannic sulphide : both 
the sulphides are soluble in alkaline sulphides. 



211. Alumininm— Symbol Al; atomic weight 27-3. — ^This 
element, as oxide and in combination with silica, is one of 
the main constituents of the earth's crust. Alumina was 
formerly regarded as identical with lime : it was shown to be 
distinct from that substance by MarggraiF in 1764. The 
metal was first obtained by Wohler in 1828 by heating the 
chloride with sodium, and is now prepared on a connderable 
scale by heating the double chloride of aluminium and 
sodium, SNaCLAlgClg, or the native double fluoride or 



ALUMINIUM. 237 

cryolite, CNaF.AljFg, with sodium. A mixture of 10 parts 
of the double chloride, 5 parts of fluor-spar or cryolite, and 
2 parts of sodium is thrown upon the red-hot hearth of a 
small reverberatory furnace, and the dampers are closed to 
prevent the entrance of air. Intense reaction occurs, and the 
materials are completely liquefied; when the reduction is 
finished, the slag (consisting of a mixture of common salt and 
aluminium fluoride) and the reduced aluminium are run out 
through a hole at the back of the furnace. In preparing the 
metal from cryolite, this mineral is mixed with half its weight 
of common salt, and the mixture is heated with sodium in 
an iron or earthen crucible. Aluminium may also be ob- 
tained by the electrolytic decomposition of the fused double 
chloride by a modification of the arrangement seen in fig. 5 
(p. 48), or, as a deposit upon other metals, by the action of 
tiie current upon solutions of its salts. The metal obtained 
by reduction with sodium usually contains more or less silicon, 
iron, and admixed slag. Aluminium is a white, highly 
lustrous metal; it may be beaten out or rolled into thin foil, 
and drawn out into fine wire. After fusion it is somewhat 
soft, but by hammering it becomes as hard as the softer 
varieties of iron. A bar of the metal when struck emits a 
clear ringing sound. Its density after fusion is about 2*56, 
which is increased to 2*67 by hammering. It melts at a full 
red heat, but exhibits no tendency to volatilise. Air has no 
oxidising action upon it at any temperature ; it is not attacked 
by fused nitre or by nitric or dilute sulphuric acid, sul- 
phuretted hydrogen, or the alkaline sulphides. Hydrochloric 
acid and solutions of the alkaline hydroxides dissolve it readily 
with evolution of hydrogen; solutions of certain chlorides 
also act upon it slowly, with the formation of double salts. 
Aluminium has been found to be of considerable use in the 
manufacture of jewellery, in the mountings of astronomical 
instruments, and in the construction of balance-beams and 
chemical weights. Aluminium alloys readily with many 
metals. Ahrniiniuni'^onze or cUuminiumrgold contains 1 
part of aluminium and 9 parts of copper: it appears to 
be a definite chemical compound : it is hard and malleable, 
has the colour of gold, and is capable of taking a high 
'PoliBh.— 
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212. Alumina, Al^Og, the only known oxide of alominiam, 
is found native as cortmdum and as the gems cumethystf 
ruby, sa^hire, etc., in forms derived from the hexagonal 
system. All the crystalline varieties of alamina are exceed- 
ingly hard : emery ^ which is mainly corundum coloured with 
ferric oxide, is extensively used for polishing stones, metal, 
etc. The oxide may be obtained artificially by adding am- 
monium carbonate to a boiling solution of conmion alum, and 
igniting the precipitated hydrate; or by igniting ammonia 
alum or aluminium sulphate to an intense white heat. The 
characters of the product vary with the temperature of its 
preparation. When produced at low temperatures it is a 
soft white powder of specific gravity 3*87, but after strong 
ignition it becomes extremely hard and acquires a density of 
3*99. It fuses only at the very highest temperatures, and is 
insoluble in water. Amorphous alumina after ignition dis- 
solves slowly in concentrated sulphuric and hydrochloric 
acids; the crystallised varieties are perfectly insoluble in all 
acids. Three aluminium hydrates are known. The mono- 
hydrate, AljHgO^ or AI2O3.H2O, occurs native as diaspora. 
The dihydrate, Al2H^0^ or AI2O3.2H2O, is also said to occur 
native; it may be obtained artificially by heating a dilute 
solution of aluminium acetate to 100° for several days in a 
closed vessel : acetic acid is set free, and may be expelled by 
simply boiling the liquid in an open vessel; the alumina 
remains in solution, but may be precipitated by the addition 
of a few drops of any of the ordinary adds, by alkalies, and 
by decoctions of dye-woods. The precipitated alumina oomr 
bines with colouring matters, but the character of the com- 
bination is very different from that produced by the trihydrata 
On evaporating its solution, the dihydrate is obtained in the 
solid state; it is insoluble in the mineral adds, but dissolTes 
in acetic acid. This soluble modification of alumina may be 
termed colloidal alumina, and is analogous to the soluble silica 
of Graham, obtained by dialysis (YoL I., p. 262). 

The trihydrate, AlgHgOg or Al203.3B^O, occurs free as 
gibhsite, and is readily obtained artificially by adding ammonia^ 
or its carbonate or sulphate, to a solution of ordinary alum* 
When diied at a gentle heat it is a soft, bulky, friable mass, 
which contracts greatly on ignition from loss of water. It is 



ALUHINtUU CHLORIDE. 



239 



easily soluble in acids, aud in potash and Boda. By exposing 
the alkaline solution to the air it absorbs atmospheric carbonic 
acid, and the hydrate is gradually deposited in crystals: the 
crystalline hydrate is far less readily soluble in acids than 
the ordinary compound. If certain vegetable colouring 
matters are mised 'with a solution of alum, and the alumina 
precipitated by the addition of an alkaline carbonate, the 
precipitate carries down with it the oolouiing matter: on 
account of this power to combine with colouring matters, 
salts of aluminium are largely used as viorilanU in dyeing 
and calico printing. Many of the pigments termed lakes 
are mixtures of aluminium hydrate and organic colouring 
matters. 

By concentrating the alkaline solution of alumina, crystals 
of the so-called potaasinm alnininate, AUK^O^, are obtained. 
Spinel is a magnesiiun slumiliate, Al^MgO,; gahnite, a zinc 

aliuninate, Al^ZnO^. 




Kg. 146. 
S13. Alnminiam Chloride, Al^Cl^, may be obtained by 
. heating the metal in chlorine, or by igniting an intimate 
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mixture of alumina and charcoal, contained in a porcelain or 
clay retort, in a stream of chlorine gas: the alominium 
chloride sublimes and may be condensed in a receiver attached 
to the neck of the retort. Fig. 146 represents the arrange^ 
ment of the apparatus which may be employed. On the large 
scale, clay as free as possible from iron is mixed with pitch 
or tar, and the mixture is calcined and heated in an iron or 
earthenware cylinder through which chlorine passes, and the 
sublimed chloride is condensed in a chamber lined with 
glazed tiles. 

Aluminium chloride is a fuming, highly deliquescent, colour- 
less, waxy substance : it is readiJy fusible, and volatilises at 
about 700°. Its aqueous solution by evaporation deposits 
the hydrated chloride Al2Clg.l2H20 : when heated, the 
crystals lose water and hydrochloric acid, and pure alumina 
remains. Hence the anhydrous aluminium chloride cannot 
be made by the evapoi*ation of a solution of alumina in 
hydrochloric acid. Aluminium chloride forms double salts 
with a number of metallic chlorides. The most important of 
these salts is the sodium aluminium chloride, 2NaCl.Al2Cl^ 
which is used in the manufacture of aluminium : it is pre- 
pared on the large scale by heating a mixture of alumina and 
sodium chloride in a stream of chlorine or hydrochloric acid. 
It melts at 200°, and is much less deliquescent than aluminium 
chloride. 

214. Aluminium Bromide, AlgBr^, is best obtained by 
the direct union of its elements. It melts at 90"*, and may 
be distilled; it is readily soluble in carbon bisulphide, and 
forms double salts with the alkaline bromides. 

215. Aluminium Fluoride, Al^F^, is formed by the action 
of silicon fluoride on the metal. After the removal of the 
silicon by digestion with a mixture of nitric and hydrofluoric 
acids, the fluoride is obtained in small cubical crystals which 
are perfectly insoluble in water and in acids. A double 
fluoride of aluminium and sodium, CNaF.AlgF^, occurs 
native in Greenland as cryolite. It melts at a low red heat, 
and forms an opaque glass on cooling. It is used in the 
manufacture of aluminiuija and of caustic soda : to obtain the 
latter substance, the finely-powdered mineral is heated with 
Jinic and exhausted with water ; the lime unites with the 
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aJtiminium fluoride, and forms an insoluble compound, whilst 
the sodium hydrate remains in solution. 

216. Aluminium Sulphide, AlgSg, is obtained by tho action 
of sulphur upon aluminium heated to redness, or by passing 
vapour of carbon bisulphide over ignited alumina. It is 
decomposed by water, with formation of alumina and sul- 
phuretted hydrogen. 

217. Aluminium Sulphates. — The normal sulphate, 

Al2(S04)3.18H20, is found native in fibrous masses in Bo- 
hemia, Chili, Australia, etc., and constitutes the hair-salt or 
featlier-alum of the mineralogists. It is prepared on the large 
scale for the use of the dyer and calico printer by treating 
clay with sulphuric acid. Several basic sulphates are known : 
a tribasic salt, Al2(SOj3.3Al203.9H20, occurs native as 
alu7ninite. 

Aluminium sulphate forms a very important class of salts 
termed alums, of which common alum, A12(NHJ2(S0^)4. 
24H2O, may be taken as the type. These salts ciystallise 
in forms derived from the regular system : they contain 24 
molecules of water, are soluble in water, and their solutions 
have a bitter or styptic taste and an acid reaction. Potash 
alum, one of the most important members of the series, may 
be obtained by adding potassium sulphate to a solution of 
aluminium sulphate. In the manufacture of alum on the 
large scale the latter salt is obtained by calcining aluminous 
schists containing iron pyrites. The iron sulphide is oxidised 
to ferrous sulphate and free sulphuric acid, which acts on the 
alumina to form aluminium sulphate. The aluminous schist 
is roasted in piles or clamps, the calcined mineral is digested 
with water, and the solution concentrated by evaporation. 
After settling, the clear liquid is drawn off and mixed with 
the requisite quantity of potassium chloride, the strength of 
the solution being so regulated that the specific gravity does 
not exceed 1*35. The liquor is set aside to crystallise, the 
crystals are washed and drained and recrystallised in casks. 
Potassium chloride is preferable to the sulphate, as, by its 
use, there is less chance of the alum being contaminated 
with iron; the potassium chloride is converted into sulphate 
by the action of the ferrous sulphate, and the highly-soluble 
chloride of iron is simultaneously formed. Roman alwco^ 
10 — II. c^ 
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is formed by calcining cdum'Stone or alunite ; this mineral 
may be regarded as a basic aluminium sulphate, associated 
with potassium sulphate, or as a compound of dehydrated 
alum with the normal aluminium hydrate, Al2K2(S04)4. 
2A1^qOq. This substance, before calcination, is insoluble 
in water; but, after heating, provided the temperature has 
not exceeded a certain point, it yields on treatment with 
water, alumina, and ordinary alum, which separates out on 
evaporation in cubical crystals. 

A mixture of potash-alum and charcoal heated to redness 
in a covered crucible constitutes Ilomhercjs pyrophorua : it 
consists of potassium sulphide, aluminium sulphate, and 
finely-divided carbon; on exposure to air it becomes red hot. 
Crystallised potash-alum eflBloresces slightly in dry air, and 
requires about 8 parts of water at the ordinary temperature, 
and J of its weight of boiling water for solution. Its solution 
has a bitter-sweet taste, and acts readily upon iron and zinc. 

Both potash and ammonia alums are largely used by 
dyers and calico printers as mordants : they are also used in 
tanning, and in medicine as astringents. Ammonia-alam, 
Al2(NH4)2.(S04)4.24H20, occurs native as tschermigite, and 
is prepare^ on the largo scale by adding ammonium chloride 
or sulphate to a solution of aluminium sulphate. It is 
slightly more soluble in water than potash-alum. Soda- 
alum, Al2Na2(S04)424:H20, is also found native in cei*tain 
volcanic districts : it is much more soluble in water than 
cither of the preceding alums. Bubidia and CSBSia-aloms 
are, on the contrary, far less soluble (p. 128). Thallinm and 
silver alums have also been prepared. 

218. Aluminium Nitrate, AlN30g.9H20 or Al^{lifO^)Q. 
I8H2O, may be obtained in deliquescent prisms by concen- 
trating a solution of aluminium hydrate in nitric acid. A 
mixture of this salt and acid sodium carbonate thrown into 
water forms a powerful freezing solution. 

219. Aluminium Orthophosphate, AIPO4 or Al2P^08, 
may be obtained by adding a solution of alum to sodium 
orthophosphate. The Gihhsite of Rammelsberg is a naturally- 
occurring hydrated aluminium orthophosphate. Wavellite is 
a basic aluminium phosphate, 2Al2PoOg.Al2(HO)g9H20, 
pccurring in rhombic crystals. *Tor(^uoi8^ found in Persia| 
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Saxony, and Silesia, has the composition Al2P20g. Al2(H0)^ 
2H2O. 

220. Aluminium Silicates. — ^A large number of these 
bodies occur native and constitute important minerals. 
Kaolin or porcelain clay^ Al2O3.2SiO2.2H2O, is produced by 
the decomposition of orfchoclase, KgO. AI2O3. GSiOg. Staurolite, 
which occurs in remarkably cruciform crystals (fig. 103, p. 
79), has the composition 4Al2033Si02, a portion of the 
alumina being frequently replaced by ferric oxide : andaltmte 
and hyanite have the formula Al203.Si02; allopJiane has the 
composition AlgOg. Si02. 6 HgO. 

Compounds of aluminium heated in the non-luminous gas 
flame with cobalt nitrate acquire a blue colour. 

In solution the salts give no precipitate with sulphuretted 
liydrogen : ammonia, ammonium sulphydrate and carbonate 
give a white precipitate of aluminium hydrate, insoluble in 
excess, but readily soluble in dilute acids, even in acetic acid; 
caustic potash and soda afford the same precipitate, readily 
soluble in excess of the fixed alkalL Sodium phosphate gives 
a white gelatinous precipitate of the hydrated phosphate, 
strongly resembling aluminium hydrate : it is soluble in potash 
and in hydrochloric acid, but is insoluble in acetic acid. 



Manufacture of Pottery, — ^The various clays and other 
aluminous minerals are largely employed in the manufacture 
of porcelain and earthenware. Ordinary clay when kneaded 
with water forms a plastic mass which is almost impervious 
to liquids : this fact has been known from the earliest times; 
vessels of clay, partially baked or hardened by exposure to 
the sun, were made in prehistoric ages. The principal seat 
of the pottery manufacture in this country is in Staffordshire, 
the clays which are used being mainly obtained from the 
South of England, principally from the coimties of Devon 
and Dorset, and from the duchy of Cornwall. Two kinds 
of clay are employed by the English potter, viz., the " blue" 
or ball clay, and kaolin or " China" clay; for earthenware 
both are used, for porcelain only the last. Kaolin is a sili- 
cate of alumina, derived from the decomposition of the fel» 
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irpar of granite rocks; as raised from the deposits in which 
it occurs it is always mixed with more or less quartz, mica, 
and undecomposed felspar, from which it is freed hy levigar 
tion, the specifically lighter kaolin being carried away in a 
stream of water into tanks in which it settles. 

The body of earthenware is made of the " ball clay," mixed 
^th finelyWdered flint, china clay being added iA order to 
whiten it; a certain proportion of Cornish stone" is also used; 
this substance is a product of the decomposition of felspathic 
rocks, and still retains sufficient alkali to render it fusible; 
it is added in order that by its fusion it shall bind the 
materials together, and so render the ware more compact, 
and of finer texture. These various substances always con- 
tain more or less oxide of iron which, if the quantity exceeds 
a certain amount, imparts an objectionable yellowish tint to 
the ware when fired : this colour is usually " corrected " by the 
addition of a small quantity of oxide of cobalt to the 
materials. 

The following analyses express the composition of certain 
clays. I. is China Clay, from Cornwall II. is a '^ Ball 
Clay," employed for common earthenware. III. is Dorset- 
♦ shire Blue Clay. IV. is Common Clay, of which the ordi- 
nary red bricks are made:— 



Silica, 

Alumina, 

Magnesia, 

Limo, 

Ferrous oxide, 
Water, 



I. 


II. 


IIL 


IV. 


46-31 


66-38 


46-38 


49*44 


39-91 


26-08 


38-04 


34*26 


0-44 


trace 


trace 


1-94 


0-43 


0-84 


1-20 


1-48 


0-27 


1-26 


1-04 


774 


1267 


614 


13-57 


5'\4 


100 -03- 


99-70 


100-23 


100-00 



The ingredients are first carefully reduced to fine powder, and 
are intimately mixed and suspended in water, so as to form a 
thin paste, technically known as " slip." To dry it, the slip is 
either passed over the surface of brick kilns, or the greater por- 
tion of the water is squeezed out by filtration under pressure. 
The plastic mixture is then fashioned into the various shapes 
which are required, either by means of the potter's wheel, or 
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by pressing, moulding, and taming. The ware is next dried, 
and placed in vessels made of fire-clay, known as " saggers," 
which are arranged one above the other in colimms, in a 
cylindrical oven, surmounted by a dome, the flues in which 
are so constructed that the various portions can be gradually 
and uniformly heated. The baked ware is now fciown as 
biscuit: if it is required to be decorated, the figures are 
next imprinted on it. The pattern is first printed with 
metallic colours, mixed with oil, on tissue paper, specially 
made for the purposa The print is laid evenly upon the 
biscuit, and the back rubbed with a pad of flannel, when 
the colours transfer themselves to the ware, and after dipp- 
ing the article into water, the paper is readily detached. The 
printed ware is again heated to redness, to bum away the 
oil, and to ha/rden-on the colour. It is next glazed, in order 
to render it impervious to liquids. The glaze is usually 
composed of materials similar to those which constitute the 
main body of the ware, mixed, however, with some substances 
to render them fusible. A considerable amount of judgment 
is needed in the preparation of the glaze. It must not be 
too easily fused, otherwise it will eventually become dull; 
and it must be perfectly transparent, so that the pattern on 
the ware may be distinct, and the colours, if possible, made 
more brilliant; and lastly, it must expand and contract under 
the influence of heat or cold pari passu with the body of the 
ware, otherwise it will crack. Formerly, the glazing was 
effected by coating the articles with finely-powdered galena 
or lead sulphide; on firing, this was converted into a readily- 
fusible and ti*ansparent lead silicate. The fluxes now em- 
ployed are generally oxides and carbonates of lead, potash, 
soda, or lime, borax, and barium sulphate. If the matei-ials 
tused for the glaze are insoluble in water, they are simply 
finely powdered and suspended in that liquid, and the biscuit- 
ware is dipped into the "slip; " the water rapidly percolates 
the poro JZ^rial, leavingUe finely^ividedVwier adher- 
ing to the surface. If soluble salts enter into the composi- 
tion, the materials are first melted together in crucibles, and 
the insoluble glass ov frUi& finely powdered and suspended 
in water, as in the preceding case. The ware after dipping 
is again fired^ when the glaze melts and spreads evenly over 
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the surface. The glazing of the commonest kinds of earthen- 
ware is effected by throwing common salt upon the heated 
ware; a dark-coloured fusible silicate of sodium and iron, 
insoluble in water, is thus formed upon the surface. 

The composition of earthenware is very variable : Analysis 
I. may however be taken to represent the average proportion 
of its constituents; analysis IL shows the composition of a 
glazing mixture — 

I. n. 



SiHca 68-65 

Ahunina and i 29*13 

oxide of iron, ) 

Lime, 1*24 



9S'92 



Silica, 43*66 

Lime 0*52 

Alumina, 9*56 

Borax, 20*08 

Chalk, 10*08 

Lead carbonate, 15*19 



99*09 



Occasionally, as in the manufacture of tiles and of majolica, 
the surface of the ware is covered with a richly-coloured glass, 
made opaque by the use of oxide of tin. Palissy ware is 
similar to majolica, except that the coloured glazes are trans- 
parent. Plain tiles are made by compressing dry clay, 
reduced to powder, into moulds, by means of hydraulic pres- 
sure ; in encaustic tiles the patterns are sunk below the sur- 
face, and the spaces are filled with differently-coloured "slips." 

Earthenware is distinguished from porcelain by the pecu- 
liarities of its fracture: in earthenware it is earthy and 
porous, and shows very little trace of fusion; moreover, the 
glaze is perfectly distinct from the body of the ware, and 
may frequently be detached with more or less ease. Porce- 
lain breaks with a conchoidal fracture: it is semi-vitreous 
and translucent, and no line of demarcation can be traced 
between the glaze and the body of the ware. Porcelain may, 
in fact, be regarded as intermediate in character between 
true earthenware and glasSi It is essentially composed of 
kaolin and felspar, occasionally mixed with alkaline or 
alkaline-earthy silicates. At the high temperature of the 
porcelain furnace the felspar and lime and alkaline silicates 
are fused, and partially combine with the kaolin or aluminium 
silicate to form a compact and homogeneous product. The 
manufacture of porcelain originated with the Chinese, who> 
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six of g^veti Hundred years ago, produced ware of a degree 
of perfection which European porcelain has barely attained 
to even now. Several of the sixteenth century alchemists 
made efforts to discover the secret of the manufacture; and 
it is probable that from the results of their trials Francis 
de Medici was able to produce those pieces with which his 
name is associated. English porcelain differs from that 
of the Chinese, or the modem French and German, which 
varieties are made entirely from kaolin and felspar, by 
containing a considerable amount of calcium phosphate, 
or ground bone-ash. After firing it is glazed by immersion 
in a " slip " of felspar and ground quartz or flints. For some 
varieties glazes of silicates or borates of lead are employed. 

The translucency of statuary or Parian porcelain is obtained 
by the regulated addition of the fusible Cornish stone or 
felspar: the cream colour or tint of the English variety, 
which contrasts so favourably with the bluish-white colour 
of the Continental productions, is due to a minute portion of 
ferric oxide contained in the clay, the colouring effect of 
which is produced by careful firing. 

The following analyses show the composition of several va- 
rieties of porcelain: I. is a Chinese porcelain of specific gravity 
2*314; II. is Berlin porcelain of which the evaporating dishes 
of the chemist are composed; III. is an English porcelain — 



Silica, 

Alumina, .. 

Lime, 

Bone-earth, 
Alkalies, .... 



I. 


II. 


III. 


7104 

22-46 

3-82 

2-68 


72-96 

24-78 

104 

• ■ - 
JL ^Arf 


39-38 
21-48 
10 06 
26-44 
2-14 


100*00 


100-00 


100-00 



Manufactv/re of Glass. — Glass, as ordinarily made, is a mix- 
ture of various insoluble silicates with excess of silica; crown, 
sheet, and plate glass contain double silicates of lime, potash, 
or soda; flint-glass is a double silicate of lead and potash. 

Common window-glass is made by fusing together a mixture 
of white sand, salt-cake or sodium sulphate, lime, and a little 
charcoal or coal in a large crucible or pot made of weU-baked 
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Stourbridge clay. The proportions vary considerably, but 
the following is stated to be a good mixture : — 

Sand, 20 parts. 

Salt-cake, 10 „ 

Quick-lime, , 5 ,, 

Charcoal or Coal, 1 ,, 

The minerals are powdered, mixed, and heated for some 
time, in order to dry them thoroughly: the sintered mass or 
" frit," as it is technically termed, is then thrown into the 
heated glass-pots, in which it melts. The "foiuiding" or 
thorough melting of the mixture requires about sixteen hours. 
Before the glass can be worked it is necessary to remove the 
scum of uncombined sodium sulphate, known as sandiver or 
glass-gall, from the surface; the addition of "cullet" or 
broken glass facilitates its separation. When the fluid mass 
is perfectly clear and free from bubbles of gas, the tempera- 
ture of the furnace in which the pots are placed is reduced 
until the glass becomes pasty. The reaction which takes 
place in the pots is very simple. At the high temperature 
the sulphuric acid of the salt cake is expelled by the silica, 
and sodium silicate is produced : at the same time the lime 
combines with silica, either by direct action or through the 
intervention of the alkaline silicate, and eventually a double 
silicate of lime and soda is obtained, in which the excess of 
the silica dissolves. The charcoal or coal assists in the 
expulsion of the sulphur, and prevents the peroxidation of 
the iron. To fashion the glass into sheets, the blower inserts 
the end of his blowpipe, an iron tube of about five feet in 
length, into the molten mass, and when he has collected a 
sufficient quantity of the " metal,'* as the unworked glass is 
technically termed, he removes the pipe from the pot and 
blows into the other end so as to distend the mass into a 
globular or pear-shaped form. By swinging the blowpipe 
like a pendulum, the pear-shaped vessel is gradually elongated 
into a cylinder with rounded ends. The workman then closes 
the mouth of the pipe with his thumb, and places the extreme 
end of the glass cylinder into the mouth of the furnace : it 
is thus softened, and is burst by the expanding force of the 
enclosed air. The opening thus made is rapidly widened by 
a tool until it is of the same diameter as the cylinder; by 
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drawing a thread of molten glass round the end attached to 
the blowpipe, and touching it with a cold iron tool, the 
cylinder cracks, and can be separated from the iron tube. 
The detached cylinder is slowly cooled, and is cut longi- 
tudinally by a diamond. It is next placed on the hot, smooth 
floor of the " flattening-kiln," with the slit uppermost ; at 
the high temperature of the furnace the glass softens, so that 
it can be unrolled, as it were, by the workman widening the 
cut by means of a wooden tool, and pressing out the curved 
surface on either side until the glass is flattened against the 
floor of the kiln. The sheet or table is then removed to the 
"annealing oven," in which it is slowly cooled. 

Dome-shaped glass shades are made in a similar manner to 
the cylinders : if they are required of oval or square base, 
they are blown within wooden moulds, the inner sides of 
which are charred. 

In making crown-glass the mass of melted glass on the end 
of the blowpipe is fashioned into a globular form as in making 
sheet-glass. A pointed iron rod, known as a puntil or pointel, 
armed at the end with a small quantity of soft glass, is affixed 
to the under surface of the globe, and by touching the shoulder 
with a cold iron tool the globe is detached from the blowpipe. 
The blower places the globe on the pointel which sei-ves as a 
handle, in the mouth of the furnace : the glass is gradually 
softened by the heat, and by rapidly rotating the pointel the 
opening in the globe at the point where the blowpipe was 
attached is gradually widened until the glass suddenly 
assumes the form of a circular sheet ; this is detached from 
the pointel and sent to the annealing furnace. 

In the manufacture of plate-glass the melting-pot is lifted 
from the furnace by a crane, and the pasty " metal " is poured 
upon an iron table, and is spread out by the action of a roller 
travelling backwards and forwards over its surface. After 
having been annealed, the plate is embedded in plaster of 
Paris, and a precisely similar plate, fixed to suitable machi- 
nery, is caused to rotate over it, fine sand suspended in water 
being thrown between the plates : the surfaces of the two 
plates are thus groimd by their mutual friction; after a time 
the sides are reversed and are ground one against the other 
in exactly the same way. The roughened surfaces, which 
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now resemble that of ground glass, are then polished by 
emery and oxide of iron until they are perfectly smootL 

Flint-glass, of which tumblers, wine-glasses, etc., are made, 
is prepared by fusing a mixture of red lead, fine white sand, 
and pearl ash, with the addition of a small quantity of man- 
ganese dioxide. Manganese compounds impart to glass an 
amethystine or purple tint which is complementary to the 
light-green colour which, in the absence of the manganese, 
would be produced by the oxide of iron present in the 
materials. Since a mixture of two complementary colours 
produces white light, the decolourising action of the man- 
ganese may be considered to be rather an optical effect than 
due to any chemical action between the two oxides. The 
mixture employed in the manufacture of the best flint-glass 
may be represented as follows : — 

White sand, 6 parts. 

Red lead, 4 „ 

Pearl ash, 3 „ 

although these proportions are frequently varied. 

Flint-glass is much denser, has a higher refractive power, 
and hence is more brilliant than crown or sheet glass : it 
fuses at a lower temperature, and is more readily worked 
than the lime glasses ; on the other hand, it is much softer, 
and is therefore more easily scratched than these glasses; it 
is also more readily acted upon by acid and alkaline solution& 

The brown or black glass used for making bottles of 
common quality is made from ordinary sand, lime, and salt- 
cake, the materials being fused together on the bed of a 
revorbcratory furnace, and the molten glass cast into moulds 
of the required form. Its dark colour is due to the large 
proportion of oxide of iron present in the sand. 

The hard infusible Bohemian glass used for making the 
combustion-tubing of the chemist contains, on the average, 
about 75 per cent, of silica, 15 of potash, and 10 of lime. 

Various colours are imparted to glass by the addition of 
certain metallic oxides. Thus oxide of manganese gives a 
violet colour; ferrous oxide, a light-green colour; ferric oxide, 
a light-brown ; cuprous oxide, a blood-red ; cupric oxide, a 
greenish-blue; gold, a ruby colour; oxide of chromium, a 
brj^ht-greon ) oxide of uranium, a greenish-yellow. The 
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brownish-red colour of averUurine glass is due to the dis- 
Bemination throughout it of finely-divided metallic copper. 
Enamels are glasses made opaque by the addition of the 
oxides of antimony, arsenic, or tin, or by excess of bone-ash. 
The following analyses serve to show the composition of 



the chief varieties of glass : — 





Window-GIaas. 


Crown-Glass. 


Flint-Glass. 


Silica, 


69 
12-5 

7-4 

111 

• • • 

• • • 


67-7 
9-9 
1-4 

• • • 

210 

• • • 


56 

• • • 

10 

• • • 

8-6 
34-4 


Lime, 


Alumina, 


Soda, 


Potash, 


Lead oxide 




100 


1000 


100.0 



Glass, when heated, expands in a remarkably fitful or iiregti- 
lar manner, as if its particles were in a state of continual 
tension and required the expenditure of considerable force to 
make them assume positions of stable equilibrium : on cooling, 
similar irregularities in the contraction are observed ; hence 
a glass vessel on cooling does not at once acquire its normal 
capacity corresponding to the temperature which it possesses 
when cold. This phenomenon is frequently observed in the 
case of thermometers which have been heated to high tem- 
peratures and allowed to cool suddenly : after such treatment 
their zero points are invariably below the original position, 
owing to the enlargement of the bulb. After a time, how- 
ever, the bulb assumes its ordinary size. 

By heating and sudden cooling, glass becomes exceedingly 
brittle and readily flies to pieces when scratched, or when 
attempts are made to break off a portion. The well-known 
Rupert drop is a pear-shaped piece of glass obtained by 
pouring molten glass into water : on snipping off the pointed 
end of the drop the mass flies to pieces from the sudden dis- 
turbance of the tension between the particles due to the rapid 
cooling. By allowing the heated glass to fall into hot oil it 
becomes much harder and less easily broken than ordinary 
glass ; the so-called toug/iened or tempered glass is made in 
this manner : the state of such glass is very similar to that 
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of the Rupert drop ; when fractured it flies to coarse powder. 
In manufticturing articles of ordinary glass it is necessary to 
cool them very slowly, otherwise they are as liable to fracture 
as the Rupert drop ; accordingly, as soon as they are blown 
or cast, they are placed in the " annealing oven," in which 
their temperature is very slowly reduced. 

Many varieties of glass, especially those containing rela- 
tively large quantities of silicates of lime and alumina, when 
heated for some time in the furnace, become opaque, and are 
converted into a substance resembling porcelain. This change 
was first observed by Reaimiur; its cause is not exactly 
known : it appears, however, to be accompanied by a loss of 
,■ -alkali and by the separation of silicates in a more or less 
crystalline condition. 

Glass is very slowly acted upon by water under ordinary 
circumstances, but if it be finely divided and the water heated, 
appreciable quantities of the alkali are dissolved out: the pearly 
surface of antique glass is due to a thin coating of free silica, 
the alkali having been extracted by the action of moist air or 
earth. Most varieties of glass are acted upon to some extent 
by acids and alkalies: potash and soda extract the silica, 
and hot solutions, containing free phosphoric, nitric, and sul- 
phuric acids, dissolve out the bases : these facts are too fre- 
quently lost sight of in analytical work. Hydrofluoric acid, 
both as gas and in solution, rapidly attacks glass with the 
formation of silicon fluoride, and of the double fluorides of 
silicon, calcium, and the alkalies. 

Ultramarine. — Certain minerals, as, for example, /iawywe and 
nosean, are occasionally met with containing a blue colouring 
matter, consisting apparently of silica, alumina, soda, and sul- 
phur. This colouring matter seems to be identical with that 
of lapiS'lazuli, a rare mineral occurring associated with iron- 
pyrites, in certain limestone districts in China, Thibet, and 
various parts of South America, and highly esteemed on 
account of its rich blue colour. Lapis-lazuli is not a definite 
chemical compound, but is a decomposition-product formed 
in all probability by the action of sulphur upon a double 
silicate of alumina and soda, e.g., soda-felspar. Its colouring 
matter, known as ultramarine^ was formerly extracted from 
it bj a tedious and empirical series of operations. 
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The observation that a blue colouring matter, analogous 
to that of lapis-lazuli, frequently occurs in soda-ash and 
lime furnaces, led to the idea that ultramarine might be 
artificially prepared, and in 1828 Christian Gmelin discovered 
a mode of making this substance which is substantially 
identical with that now employed, and by which ultramarine 
may be obtained of even a finer colour than that of the 
natural variety. A mixture of kaolin, charcoal, and sodium 
sulphate or carbonate is heated to redness in closed fire-clay 
crucibles, and the green mass thus formed is ground to 
powder and roasted in thin layers with flowera of sulphur, 
until the required blue shade is obtained. The following 
analyses will serve to give an idea of the composition of the 
different products — 



Silica, 

Alumina, 

Soda, 

Potaah 

Sulphuric acid, 

Sulphurous acid, .... 
Thiosuiphuric acid. 
Sodium sulphide, . . . 
Free sulphur, 



Green. 


Blue. 


.38-494 


41-058 


22 152 


26-078 


14135 


13-597 


0-506 


• • • 


0-731 


1-250 


0-427 


0-883 


• • « 


0-703 


9-063 


7-452 


3-491 


8-977 


99-999 


99-998 



The true nature of ultramarine is not known : it has been 
-variously regarded (1) as a compound of aluminium silicate 
with sodium sulphide and sulphate; (2) as a double silicate 
of aluminium and sodium in combination with sodium sul- 
phide; and (3) as a double silicate of aluminium and sodium 
in which the oxygen has been partly replaced by sulphur. 

When heated with hydrochloric acid, ultramarine evolves 
sulphuretted hydrogen and is decolorised : at a high tempera- 
ture, also, it loses its colour. 



221. Zirconium— Symbol Zv; atomic weignt 89-6.— This 
rare element was discovered by Klaproth in 1789, in the 
mineral zircon ov jargon, SiOgZrOg. Zirconium may be ob- 
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tained as an amorphotui powder by heating potasdnm zir- 
coniom flnoride with potassinm ; or in crystals by heating this 
compound with aluminiiini. The crystalline variety resembles 
antimony in many of its physical properties. Its specific 
gravity is 4*15. It is unalterable when heated in the air, but 
ignites when heated in chlorine, forming the tetrachloride. 

222. Zirconia, ZrO^, is obtained from zircon by fusing it 
with caustic soda in a silver crucible. The fused mass is 
treated with hydrochloric acid, evaporated to dryness, to 
render the silica insoluble, digested with water, and the 
zirconia precipitated as hydrate by adding ammonia to the 
filtered solution. As thus prepared it is a white, tasteless 
powder, which, on heating parts with its water of hydration, 
becomes incandescent: by fusion with borax, and exhaus- 
tion with hydrochloric acid, it is obtained in crystals iso- 
morphous with those of nUile and casaiterite, 

223. Zirconia Hydrate is obtained by adding ammonia to 
a solution of a zirconium salt; it forms a white gelatinous 
mass resembling recently-precipitated silica: on drying, it 
shrinks to a translucent, gummy mass, possessing a con- 
choidal fracture. It is slightly soluble in water, and its 
solution reddens litmus and turmeric paper. 

Zirconia, like silica, combines with basic oxides to form 
salts termed Zirconat^. 

224. Zirconium Chloride, ZrCl^, may be obtained by 
heating the metal in chlorine gas^ or by igniting a mixWe 
of zirconia and charcoal in chlorine. It resembles aluminium 
chloride in its physical properties. Its aqueous solution 
deposits the hydrated salt in colourless silky needles, which 
evolve hydrochloric acid on heating, and give an oxychloride 
of the composition ZrOClj-OHoO. Zirconium chloride com- 
bines with phosphorus pentachloride to form the compound 
2ZrCl4.PCljj. A double chloride of zirconium and sodium is 
also known of the formula ZrCl4.2NaCl. 

225. Zirconium Fluoride, ZrF^, is best formed by heat- 
ing zirconia with ammonium hydrogen fluoride. It is readily 
soluble in water, and on evaporation from solutions contain- 
ing free hydrofluoric acid, yields the hydrated fluoride ZrF4. 
3HoO, in triclinic crystals. Zirconium fluoride combines 
witn certain metallic fluorides to form salts, temped fluozjr- 
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collates, many of which may be obtained in well-defined 
cryTstals, isomorphous with iie corresponding fluosilicates 
and fiuostannates. 

226. Zirconium Sulphide is a dark-brown powder, formed 
by the direct union of its elements : its composition is un- 
known. 

Zirconium resembles cerium and thorium in many of its 
reactions : it is however distinguished from these metals by 
affording a precipitate of the thiosulphate when heated with 
solution of sodium thiosulphate. Zirconium in solution may 
also be distinguished by the formation of a precipitate of 
basic potassio-zirconic sulphato on the addition of a hot 
solution of potassium sulphate. 



227. Cerium — Symbol Ce; atomic weight 138. — This 
element was discovered independently by Klaproth and by 
Hisinger and Berzelius in 1803, in a hydrated cerium silicate, 
termed cerite. Cerium has the colour and lustre of iron, and 
is capable of taking a high polish : it is unacted upon by dry 
air, but is slightly corroded by moist air. It is malleable, 
and may be drawn out into wire of great flexibility. It bums 
in the air at a much lower temperature than magnesium, and 
with greater brilliancy: showers of sparks are produced when 
a mass of the metal is struck with a flint. Cerium bums in 
chlorine, and combines directly with iodine, sulphur, and 
phosphorus. It is scarcely acted upon by the concentrated 
mineral acids, but when they are diluted they readily dis- 
solve it. 

Cerium combines with oxygen in two proportions to form 
a sesquioxide, CcgOg, and a dioxide, CeOg. 

The sesquioxide is a greyish-blue powder which rapidly 
oxidises on exposure to air: it is formed by heating the 
oxalate in hydrogen. 

The dioxide is formed when the oxalate, carbonate, or 
nitrate is heated in the air. It has a light-yellow colour, 
changing temporarily to a deep-orange on heating. It may 
be obtained in crystals belonging to the regular system by 
heating cerous chloride with borax, and treating the fused 
mass with hydrochloric acid, 
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228. Cerous Chloride, CcoClg, is a white, porous fusible 
mass, obtained by heating the sulphide in chlorine, or ignit- 
ing the cerous ammonium chloride in chlorine. Its solution 
absorbs oxygen from the air, and forms double salts with 
platinum teti-achloride and auric chloride, isomorphous with 
the corresponding salts of lanthanum. 

Ceric Chloride, CeCl^, is obtained by dissolving the dioxide 
in hydrochloric acid. 

' 229. Cerous Sulphate, Ceo(S04)3.9H20, is obtained in 
hexagonal prisms by evaporating a solution of cerous oxide 
or carbonate in sulphuric acid at a temperature of about 
50^. By evaporation in a vacuum at ordinary temperatures 
the salt crystallises in octahedrons with 8 molecules of water : 
it is isomorphous with the corresponding lanthanum sulphate, 
but not with the didymium salt. 

A number of ceiic sulphates are obtained by dissolving 
the dioxide in sulphuric acid. 

Cerium compounds, when heated with borax in the outer 
flame, give a glass which is deep-red whilst hot, but becomes 
colourless on cooling. With solutions, ammonium sulphide 
gives a precipitate of the hydrated sesquioxide; caustic 
potash gives the same precipitate, insoluble in excess of the 
])recipitant. Potassium sulphate gives a sparingly soluble 
double salt. Ammonium oxalate produces cerous oxalate, 
which on heating in the air forms the dioxide of a yellow 
colour when cold, but changing to orange-red on heating. 



230. Lanthanum — Symbol La; atomic weight 139 (Cleve). 
— This rare element was discovered by Mosander, in 1839, in 
the mineral cerite. The metal resembles cerium; it is, 
however, oxidised more rapidly on exposure to air, and is 
attacked by strong nitric acid in the cold ; it is neither so 
ductile nor so malleable as cerium, and requires a much 
higher temperature for ignition. The oxide, LagOg, is a 
heavy white powder, obtained by igniting the carbonate or 
oxalate ; it slakes in contact with water, forming the hydrate, 
LaHgOg, a soft white powder, resembling lime both in its 
appearance and in its property of rapidly absorbing carbonic 
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acid. The chloride is a highly soluble salt : when crystallised 
from its solution over strong sulphuric acid it has the compo- 
sition La2Clg.l2H20. On heating this substance in air it 
forms an oxychloride. The sulphide, I^2^3) ^ ^ bright 
yellow crystalline powder, obtained by heating the oxide in 
the vapour of carbon disulphide. The sulphate, La2(S04)3. 
QHgO, forms small prismatic crystals, which are more soluble 
in cold than in hot water. It forms sparingly soluble double 
salts with the alkaline sulphates, similar to those formed by 
oerous sulphate. 

Salts of lanthanum in solution give a gelatinous precipitate 
of the hydrate on the addition of caustic potash, insoluble in 
excess, but soluble in chlorine water. Ammonium oxalate 
produces a white flocculent precipitate. 



281. Titanium— Symbol Ti; atomic weight 60.— This 
element was discovered in 1791 by Gregor, in the titaniferous 
irouHsand of Cornwall. The metal itself is never found native. 
ItB principal naturaUy-occumng compounds are the minarals 
ftUUey hroohUe^ and cmataae, which consist of the dioxide TiOg; 
the titaniferous iron ores ; calcium titanate ; and aphene or 
iitanUe, a calcium silico-titanate. The rare minerals ceschynite^ 
fclycraae, and pyrochlore, are compounds of titanic oxide, zir- 
oonia, eerie, lanthanic, niobic oxides, yttria, etc. Small 
quantities of titanic oxides are found in many clays and 
iron ores. The bright copper-coloured cubical crystals occa* 
sionally found in iron slags are composed of a cyano- 
nitride of titanium, TiOy^.SNgTig. These crystals may be 
obtained by passing nitrogen over a strongly heated mixture 
of titanic oxide and charcoal. Titanium, indeed, manifests 
a remarkable affinity for nitrogen, several nitrides being 
known. 

Titanium is obtained as a dense amorphous powder by 
heating potassium-titanium-fluoride with potassium; or in 
crystals by passing the vapour of the tetrachloride over 
heated sodium. The finely-divided metal readily ignites when 
heated in the air, and bums with great brilliancy. When 
ignited in chlorine it forms the tetrachloride ; when heated 
10— 11. ' ^ 
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with water hydrogen is evolved ; in presence of hydrochloric 
aid the evolution of the gas is very rapid. 

Titanium unites with oxygen to form two well-defined 
compounds, viz., titanons oxide, TinOg, and titanic oxide, 
TiOg. A monoxide, TiO, is supposed to exist, but it has not 
yet been satisfactorUy isolated. 

Titanium sesquioxide, or titanous oxide, Ti^Og, is obtained 
as a black powder by heating the dioxide in hydrogen. It 
dissolves in acids, forming violet solutions, which act power- 
fully as reducing agents. On the addition of an alkali they 
give a brown precipitate of titanous hydrate, which gradually 
becomes blue, and then white, by combination with oxygen 
to form the dioxide. 

Titanium dioxide, or titanic oxide, TiOg, is found natiye, 
principally as rutUe, When pure it forms a reddish-brown 
powder. It may be obtained in crystals, identical with those 
of rutile, by passing the vapour of the tetrachloride and steam 
through a red-hot tube, or by strongly heating the amorphous 
oxide in hydrochloric acid or hydrofluoric acid gas. It is 
stated that three forms of the crystallised oxide may be thus 
obtained : anatase being formed at a low red heat, brookite 
at a higher temperature, and rutile at a white heat. Titanium 
dioxide, after strong ignition, is insoluble in all alkalies and 
acids, except strong sulphuric and hydrofluoric acids. By 
fusion with acid potassium sulphate, it yields a yellow liquid, 
which on cooling dissolves in water forming a clear solutian. 

232. Titanic Hydrate, TiH^O^, is formed by decomposing 
the tetrachloride with water. It is a white powder, whidi 
on heating to 120^ gives up a portion of its water and is 
converted into TiHgOg. At still higher temperatures other 
hydrates containing less water are obtained. These compounds 
dissolve readily in dilute mineral acids, but the ' solutions, 
when boiled, deposit metatitanic hydrate as a^ white powder, 
insoluble in all acids with the exception of oil of vitrioL A 
dilute solution of titanic hydrate in hydrochloric add, when 
subjected to dialysis, yields colloidal titanic acid, analogous to 
soluble silicic acid (see Vol. L, p. 262). 

Titanic hydrate combines with both acids and bases. The 
acid compounds are exceedingly unstable, and have been but 
little investigated. The salts of titanic acid may be classed 
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under the general formulae M^TiO^ and MgTiOg, correspond- 
ing to the ortho- and meta- silicates. The best known titanates 
are calcium titanate, CaTiOg ; sphene, CaSiOg.CaTiOg ; and 
ilmenite or Tnenaccanite, FeTiO^. 

233. Titanium Trichloride, Tig^G^ ^^ obtained in the form 
of dark-violet lustrous scales, by passing the tetrachloride, 
mixed with hydrogen, through a heated tube, or by heating 
the tetrachloride with metallic silver in a sealed tube. It is 
extremely deliquescent, and dissolves in water, forming a 
reddish-violet solution, which gives a precipitate of brown 
titanous hydrate on addition of alkalies or ammonium sul- 
phide. The same solution may be obtained by digesting 
finely-divided silver with a solution of titanic acid in hydro- 
chloric acid. 

834. Titaninm Tetrachloride, TiCl^, is obtained as a 

colourless, fuming, volatile liqtiid by heating titanium or its 
nitride in chlorine, or by passing chlorine over a heated 
mixture of titanic oxide and charcoal. It boils at 136*14" 
under a pressure of 752*3 mm., and has a specific gravity of 
1'7606 at 0° It becomes turbid on exposure to moist air, 
and gradually solidifies, owing to absorption of water, forming 
an oxychloride of the composition TiCl^-STiOg-lGHgO. On 
adding water to the tetrachloride a considerable rise of tem- 
perature is produced, and a solution of the hydrate in hydro- 
chloric acid is formed, from which metatitanic acid is 
precipitated on boiling. The tetrachloride rapidly absorbs 
ammonia, forming a yellowish powder, 4NH3.TiCl4, which, 
hy ignition in ammonia gas, is converted into the nitride, 
STiNj.TigNg. The tetrachloride combines directly with 
hydrocyanic acid to form lemon-yellow crystals of the com- 
position TiCl^.HCy; with nitrogen tetroxide it forms a 
yellow crystalHne compound, 3TiCl4.2NOCl ; with anhydrous 
ether it forms TiCl^.C^Hj^O, an amber-coloured crystalline 
mass, melting between 42° and 45°, and titanium ethyl- 
trichlorhydrin TiCl3.C2HgO, a pale yellow crystalline body, 
melting at about 76°, and boiling at about 187°. With 
phosphorus pentachloride it forms titano-phosphoric chloride, 
TiCl^.PClg, a light-yellow crystalline mass, soluble without 
decomposition in ether, very hygroscopic, and decomposed by 
water. Fhosphoryl trichloride and sulphur tetrachloride aU^ 
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form unstable combinationsc hy direct union witli titanium 
tetrachloride. 

285. Titanium Tetrabromide, TiBr^, is an amber-coloured 
crystalline mass of specific gravity 2-6, melting at 39« and 
boiling at 230°. It is prepared by processes analogous to 
those which yield the tetrachloride, and behaves with reagents 
in a manner similar to that compound. 

236. Titanium Iodide, Til^, may be formed by passing 
hydriodic acid gas into the gently heated tetrachloride. It 
is a brittle, crystalline, lustrous mass, of a reddish-brown 
colour, melting at 150°, and boiling above 360° without 
decomposition. 

237. Titanium Trifluoride, TigF^, is a violet powder formed 
by igniting potassio-titanic fluoride in hydrogen. 

238. Titanium Tetrafluoride, TiF^, is a fuming colourless 
liquid, formed by heating a mixture of titanic oxide, fluor- 
spar, and oil of vitriol in a platinum retort. By dissolving 
titanic oxide in hydrofluoric acid crystals of hydrotitanio 
fluoride, HgTiFg, are obtained. By replacing the hydrogen in 
this compound, by metallic radicles, a series of well-defined 
and stable salts may be obtained. 

239. Titanium Bisulphide, TiSg, is formed by passing 
vapour of carbon disulphide over the strongly-heated dioxide. 
It forms large, brass-yellow, lustrous crystals. 

Titanium compounds, heated with microcosmic salt in the 
inner flame, give a glass, yellow whilst hot, violet when cold. 
Solutions of the salts in hydrochloric acid, or, better, sulphuric 
acid, give a precipitate of the dioxide on boiling. On adding 
metallic tin to the solution a dark violet-blue precipitate is 
formed, which gradually becomes white from absorption of 
oxygen. 



240, Cobalt — Symbol Co; atomic weight 58 'T.— Com- 
pounds of cobalt appear to have been known to the ancients 
and used by them in colouring glass. The metal itself was first 
isolated by Brand in 1733. Metallic cobalt is occasionally 
found in meteoric iron associated with nickel and phosphorus. 
Its principal naturally-occurring compounds are the arsenidei 
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smahine or tiiv-white cobalt (CoAsg): cobcdt bloom or erythririe, 
a hydrated arsenate, CogAsgOg-SHgO, and cobalt gla/nce, a 
Bulpbarsenate, CogAsS. The metal is best obtained by 
igniting the oxalate in a covered crucible : at a high tempera- 
ture it may be obtained as a fused regulus of a grey colour, 
exceedingly hard, highly malleable and ductile, aud capable 
of taking a polish ; its specific gravity is about 8*9. It is 
unalterable in air even when moist, but at a high tempera- 
ture it takes fire, forming a cobaltoso-cobaltic oxide. It dis- 
solves slowly in acids with evolution of hydrogen, forming 
red solutions. It is slightly magnetic, and preserves this 
property even when alloyed with mercury. 

Cobalt unites with oxygen to form cobaltous Ozlde; CoO, 
and cobaltic oxide, CogOg. 

The protoxide is used for the production of a beautiful 
blue colour on porcelain. Zaffrc is an impure cobalt oxide 
prepared by roasting cobalt ores mixed with sand. Smalt is 
prepared by fusing partially-roasted cobalt ores with a mix- 
ture of powdered quartz and pearl-ash. A silicate of potash 
is thus formed in which the cobalt oxide dissolves with the 
formation of a bright-blue colour. The mass whilst still hot 
is thrown into water and is ground to powder under granite 
stones. Smalt is principally used by paper stainers, and to 
some extent as a piffment. ThenardHs blue- is produced by 
heating alumina lith cobalt oxide. It is made by adding 
potassium phosphate to a solution of cobalt nitrate : the pre- 
cipitate thus obtained is mixed with alumina, dried and heated 
in covered crucibles. RinmarCs green has a similar com- 
position, zinc oxide being substituted for alumina. Cobalt 
yellow is a compound of cobalt oxide, potash, and nitrogen 
tetroxide, formed by adding an alkaline solution ot potassium 
nitrite to an acid solution of cobalt nitrate. The formation 
of this precipitate is occasionally used as a test for cobalt. 
Its composition varies with the manner of preparation : its 
usual composition is Co2Kq(N02)i2 or CogOySNgOg + 3(K20, 
N203) + a;H20. 

Several intermediate oxides are known, viz., CO3O4 or 
CoO.CooOg, CogOy or 4CoO.Co2^3, and CogOg or eCoO.CogOg. 

Cobaltous oxide^ CoO, is obtained by igniting the hydrate 
or carbonate out of contact with air. It is a greenish-grey 
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powder, readily reduced to the metallic state by ignition in 
hydrogen, and is converted into the sesquioxide in presence of 
oxygen. The hydrate, CoHgOg, is obtained by adding potash 
to a solution of a cobaltous salt. A blue basic salt is first 
formed which gradually changes to a rose-coloured hydrate. 
The hydrate readily loses water at 100**: on exposure to air 
it absorbs oxygen. 

The sesquioxide, OogOg, is formed by adding a hypochlo- 
rite to a solution of a cobalt salt, or by passing chlorine into 
water containing the protoxide in suspension. It is a black 
powder which, when ignited, yields C03O4, corresponding to 
the magnetic oxide of iron. This oxide is also used as a pig- 
ment in enamel painting. 

241. Cobaltous Chloride, CoClg, is obtained in blue 
crystalline scales by heatimr the metal in chlorine, or by 
adding strong hydri^Uorica^id to a solution of the p^toxide 
in hydrochloric acid. When dilute, the solution has a pink 
colour, but by rapid evaporation it turns blue. If the dried 
mass be strongly heated, the anhydrous chloride sublimes: it 
possesses a light-blue colour, and is extremely deliquescent : 
by absorption of water its colour changes to red. By the 
cautious evaporation of the pink solution, red crystals of 
the hydrated chloride may be obtained of the composition 
C0CI2.6H2O. 

Cobaltic Chloride, CogOl^, appears to be formed by dis- 
solving the cobaltic oxide in cold hydrochloric acid. It can- 
not be isolated ; on warming its solution chlorine is evolved 
and the protochloride is formed. 

242. Cobaltous Bromide, Iodide, and Fluoride^ have a 
similar constitution to the chloride, and behave like that salt 
on hydration. The iodide is especially remarkable from the 
variations of its colour when combining with water. When 
anhydrous it is black and of a graphitic lustre, but as it takes 
up moisture from the air it gradually acquires a bright moss- 
green tint corresponding to the composition C0I2.2H2O, and 
ultimately becomes pink from the formation of the hexhy- 
drated salt C0I2.6H2O. (Hartley.) 

'243. Cobalt Sulphide, CoS, forms the mineral known as 
syepoorite : it is found in North-West India^ and is said to 
be employed by the Indian jewellers to give a red colour to 
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gbld. It may be formed artificially by heating the metal or 
its oxides with sulphur. It is obtained hydrated and of a 
black colour by adding a solution of an alkaline sulphide to 
a cobalt salt; the precipitate is nearly insoluble in dilute 
acids, but dissolves readily in concentrated hydrochloric acid; 
on exposm^e to air whilst moist it gradually oxidises. 

A cobaltoso-cobaltio sulphide, C03S4, corresponding to 

the oxide, constitutes the mineral linncdte found in Prussia. 

244, Cobalt Sulphate, C0SO4.7H2O, is found native as 
cohdUrvitriol : it may be formed artificially by dissolving the 
metal, its protoxide, or carbonate in sulphuric acid. It forms 
red crystals isomorphous with green vitriol. It readily com- 
bines with other sulphates to form double salts. A magnesium 
cobalt sulphate of the composition 3CoS04,MgS04.28H20 is 
found native in Hesse : it is sometimes improperly termed 
" cobalt-vitriol." 

246. Cobaltous Nitrate, Co(N08)2.3H20,is a red crystalline 
salt of specific gravity 1*83, which melts at 100°, gives off 
water, and is converted by prolonged heating into the sesqui- 
oxide. It is much used in fiame reactions. 

246. Ammoniacal Cobalt Bases. — On dissolving the hy- 
drated cobalt oxide in ammonia, and exposing the solution 
to air, oxygen is absorbed, and the liquid becomes brown and 
ultimately reddish-violet. By the addition of cold hydro- 
chloric acid roseo-cobaltic chloride, 00001^.1 ONH3.H2O, is 
deposited as a ciystalline powder of a brick-red colour, readily 
soluble in water. When the solution is heated its colour 
changes from red to violet, and purpureo-cobaltic chloride, 
Co2Clg.lONH3, is formed as a violet or purple crystalline 
powder, nearly insoluble in cold water, but soluble in hot 
water acidulated with hydrochloric acid. Many other am- 
moniacal compounds of cobalt are known, for the details 
respecting which the larger manuals must be consulted. 

Compounds of cobalt impart a splendid blue colour to fused 
borax. In solution they give a black precipitate with alka- 
line sulphides. Cobaltous salts give a reddish precipitate of 
the hydrated oxide on the addition of potash. Ammonia in 
excess dissolves this precipitate with the formation of a red- 
dish'violet colour. Potassium cyanide produces a reddish- 
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brown precipitate, soluble in excess, forming a green solution. 
With cobaltic solutions potash gives a black precipitate of 
the Isesquioxide. On mixing concentrated solutions of a 
cobalt salt and sodium sulphocyanate, a deep-blue colouration 
is produced, by means of which very minute traces of cobalt 
may be detected. Potassium ferricyanide gives a blood-red 
colour, similar to that of the sulphocyanate of iron. 



247. Nickel— Symbol Ni; atomic weight 58-7.— This metal 
was discovered in 1751 by Cronstedt, in the arsenide NiAs, 
a copper-coloured mineral termed kup/er-nickel {ie,y false cop- 
per) by the German miners. This compound, together wifii 
the impure arsenide termed speiss, formed at the bottom of the 
melting pots in the manufacture of smalt (p. 260), constitutes 
the principal source of nickeL The metal is obtained by 
reducing its oxide with charcoal at a high temperature. 
When pure it is white, ductile, and malleable; its specific 
gravity is 8*3. It melts at about the same temperature as 
iron, but is more fusible when combined with carbon. It is 
slightly magnetic at ordinary temperatures, but temporarily 
loses this property on heating. Nickel alloys readily with 
the greater number of metals : pack/ong, or German sUver, is 
brass (i.e., an alloy of zinc and copper) whitened by the 
addition of nickel ; it is occasionally employed for coinage. 
Alloys of arsenic and antimony, with nickel, occur native. 
Articles of brass, copper, and iron, are frequently coated with 
nickel by electrolytic deposition. 

248. Nickel Protoxide, NiO, is occasionally found native : 
it is formed by igniting the hydrate or carbonate, or by 
deflagrating the metal with nitre. It is a greyish-green 
powder, permanent in the air, even when heated; it 14 
reduced to the metal by ignition in hydrogen. The hydratei 
NiHgOg, is obtained by adding potash to a solution of a 
nickel ssilt : it is a green powder, soluble in ammonia, forming 
a violet solution. A crystalline hydrate of nickel oxide, 
NiHgOg.HgO, of an emeraJd-green colour, has been found 
native. 

249. Nickel Se8qnioxide, Ni^Og, is a black powder, pro- 
duced by igniting the nitrate. At a high temperature it 
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evolves oxygen, and is converted into the protoxide. It is 
obtained hydrated of the composition NigO^SHgO, by treat- 
ing the protoxide, suspended in water, with chlorine, or by 
adding sodium hydrochlorite to a solution of a nickel salt. 
It is a brownish-black powder, which evolves water and 
oxygen on ignition. A hydrate containing 2 molecules of 
water is formed by the electrolysis of a neutral solution of 
a nickel salt. 

260. Nickel Chloride, N'iClg, may be obtained in bright 
yellow scales, resembling mosaic gold, by heating the metal 
in chlorine, or by expelling the water from the hydrated salt. 
By dissolving nickel or its oxide in hydrochloric acid a bright 
green solution is obtained, which on concentration deposits a 
crystalline salt of the composition NiClg-OHgO. On treating 
this compound with ammonia, ammonio-nickel chloride, 
NiCl2.6NHg, is obtained, crystallising in octohedrons pos- 
sessing a bright blue colour. The iodide and bromide resemble 
the chloride, and form similar compounds with ammonia. 

261. Nickel Sulphides. — ^AhemisulphidejKipS, is obtained 
as a pale-yellow, shining, fusible mass, by igniting the sul- 
phate in hydrogen. 

The monosulphide, NiS, occurs native as millerite or 
capillary pyrites, of the colour of brass. This sulphide 
may be obtained artificially by the direct union of its ele- 
ments, or by heating the oxide either with sulphur or in a 
stream of sulphiu^tted hydrogen. A hydrated sulphide is 
formed by the action of sulphuretted hydrogen on nickel 
acetate, or by adding anmionium sulphide to a solution of a 
nickel salt. It is a dark-brown powder, which oxidises when 
moist: it is slightly soluble in ammonia and ammonium 
sulphide solutions, to which it imparts a deep-brown colour. 

A nickeloso-nickelic sulphide, NigS^ or 2NiS.NiS2, corre- 

8|X)nding to the cobalt mineral linnceite, is found native, as 
heyrichite, 

262. Nickel Sulphate, m^0^.11S.fi, is obtained in emerald- 
green crystals, isomorphous with magnesium sulphate, 'by 
concentrating a solution of the metal in sulphuric acid. It 
readily parts with 6 molecules of water on heating, but 
retains the 7th up to a high temperature. The anhydrous 
salt is yellow : it absorbs ammonia, forming a violet salt^ 
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NiS04.6NH3. A blue-coloured salt of the compositioii 
NiS0^.4Nn3.2n20 is formed by adding ammonia to a con- 
centrated solution of the sulphate. 

263. Nickel Nitrate, Ni2N03.6n20, is an emerald-green 
salt, also soluble in ammonia, and forming, on concentration, 
blue octahedral crystals of the composition Ni2N03.4NHy 
jcHgO. 

Nickel salts, heated in the reducing area of the Bunsen 
flame with sodium carbonate and charcoal, yield the metal as 
a grey magnetic powder. In the oxidising flame they give to 
borax a red colour whilst hot, changing to yellow on cooling : 
on the addition of a potash salt the bead becomes bluish-purple. 
In solutions containing hydrochloric acid the salts give no 
precipitate with sulphuretted hydrogen ; by the addition of 
sodium acetate to the liquid nickel sulphide is immediately 
formed on treatment with the gas. Ammonium sulphide 
gives the same precipitate, slightly soluble in excess, with 
the formation of a brown colour. Potash gives the green 
hydrate, soluble in ammoniacal salts ; hence ammonia gives 
no precipitate with nickel salts in presence of ammoniacal 
salts. Potassium cyanide forms nickel cyanide soluble in 
excess. Potassium ferricyanide produces no change in the 
cold ; on boiling, the whole of the nickel is deposited as a 
copper-red precipitate. 



284. Platinum— Symbol Pt : atomic weight 197-2.— This 
metal was discovered in 1741 by Mr. Woods, an assayer in 
Jamaica; its name, signifying little silver, is derived from the 
similarity of its colour to that of silver. Platinum is always 
found in the metallic state, and generally alloyed with osmium, 
iridium, rhodium, and palladium. The metal occurs mainly 
in alluvial deposits, often associated with gold, in small flat- 
tened grains of a grey colour. The chief supplies of platinum 
are obtained from the Urals (Nischni-Taglisk), but the metied 
is also met with in South America, California, and Borneo. 

Platinum is extracted by first treating the ore with nitric 
acid, to remove any associated copper, lead, or silver, wash- 
ing it with water, and digesting with hydrochloric acid to 
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dissolve the iron (which principally'' eziata as magnetic 
oxide), and then heating with nitoohydrochloric acid. The 
platinum, rhodium, and palladium, and a portion of the 
iridium, are disaolved; an alloy of osmium and iridium, 
together with the quartz of the ore, remains uadissolved. 
The Bolution is then mixed with sal-ammoniac, whereby a 
precipitate of ammonium-platinum-chloride, 2IirE4Cl,PtCl^, 
is obtained. The precipitate ia washed with cold water 
and heated, ammonium chloride and chlorine are expelled, 
and the platinum is obtained as a grey spongy mass. The 
metal ia made into a paste with water, consolidated into a 
cako by pressure, heated to whiteness in a porcelain MIn, and 
hammered until it is welded into a homogeneous mass, or 
it ia melted in a lime or gas-carbon crucible by means of 
the oxyhydrogen flame. 

Figi 147 represents the lune fomace of Deville and Dehray 
employed In melting pla- 
tinum. The blocks of 
lime, d and e, are bound 
together with bands of 
inm; the metal to be 
fused is placed in the 

cavity in d, and an oxy- 

hydrogen flame directed 

upon it; when melted 

the metal is poured from 

the lip a into the ingot 

moulds. 

In order to extract 

the platinum, Deville and 

Debray have proposed to 

•melt the ore with galena 

in a reverberatory fur 

nace. A small quantity 

of glass is added, together 

witii an amount of h- 

tharge equal in weight Fig. 147. 

to the galena employed. The oxide and sulphide then react 

tc^ether forming metallic' lead and sulphur dioxide ; 2PbO -i- 

PbS = Pbj + SOj ; the lead dissolves the platinum, whilst the 
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osmium and iridium, being insoluble in lead and specifically 
heavier than the alloys of lead and platinum, accumulate at 
the bottom of the molten charge. The platiniferous lead is 
cast into ingots, and the two metals are separated by cupella- 
tion. The spongy mass of platinum left on the cupel is melted 
in the oxyhydrogen furnace, and is cast into ingot moulds 
made of gas-coke or of wrought-iron lined with platinum. 

Platinum is a white, highly-lustrous metal of great mal- 
leability and ductility. It is softer than silver; its specific 
gravity is about 21*5; it expands but slightly on heating; 
its coefficient of cubical expansion, according to Dulong, is 
'0000265 for 1^ C, which is identical with that of glass; 
hence a platinum wire may be fastened into a glass tube 
without risk of becoming loose, or of cracking the tube, which 
would be the case if a wire of copper (co-efficient of expansion 
•0000565), or of iron (co-efficient of expansion '0000441) were 
used. Air has no oxidising action upon platinum ; when fused, 
however, it absorbs oxygen, which is evolved again as the metal 
cools. It is scarcely acted upon by any single acid : prolonged 
boiling with concentrated oil of vitriol appears to dissolve the 
metal slowly; hence the platinum retorts, employed in the 
concentration of sulphuric acid on the large scale, are slightly 
acted upon by long continued use. The best solvent for the 
metal is nitrohydrochloric acid, which forms the tetrachloride 
PtCl^. Platinum absorbs or occludes considerable quantities 
of gas, such as hydrogen and pxygen ; if plaUnum blacky as 
the finely-divided metal is teimed, be introduced into a 
mixture of the two gases, combination takes place with such 
rapidity, and with the development of so much heat, that the 
gases explode. This property of determining the combina- 
tion of oxygen and hydrogen is taken advantage of in the 
well-known Dobereiner's lamp. Platinum black may be 
readily obtained by exposing an aqueous solution of platinum 
tetrachloride in an atmosphere of hydrogen to bright sun- 
light. Finely-divided platinum is used in porcelain painting 
and in the manufacture of mirrors. 

255. Platinum Monoxide, PtO or Pt^^' '^ ^ ^^^^^ 
powder, produced by heating the hydrate, formed by the 
action of potash on the dichloride. It is soluble in acidS| 
ami in excess of potash. 
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Platinnm Dioidde, Pt02, may be obtained by heating the 
corresponding hydrate, produced by boiling the tetrachloride 
with a larfi^e excess of soda, and adding: acetic acid. It is a 
black powder which, on ig^iitiou, is rJolyed into metal and 
free oxygen. The hydrate dissolves in acids forming platinio 
salts; it also unites with ba^es forming compounds termed 
platinates: they are yellow crystalline powders, obtained 
by treating the chloroplatinates with the corresponding 
hydrates. 

266. Platinum Dichloride, PtClg or PtgCl^, is a brown 
powder formed by heating the tetrachloride to 200°. It is 
insoluble in water and in nitric acid, but dissolves readily in 
hydrochloric acid : if the solution be exposed to air the salt 
is gradually converted into the tetrachloride. The solution 
has a dark-brown colour ; with potash it gives a precipitate 
of platinous hydrate soluble in excess ; if alcohol be added 
to the liquid the whole of the platinum is deposited ; with 
ammonia it forms a green crystalline powder of the composi- 
tion 2!N'H3.PtCl2. The dichloride forms double salts with 
metallic chlorides, termed chloroplatinites: they have the 
general formula M2PtCl4. The potassium and ammonium 
compounds are dark-red crystalline salts soluble in water. 

Platinum Tetrachloride, PtCl^, is a dark orange-coloured 
deliquescent powder, formed by dissolving the metal in nitro- 
hydrochloric acid. It is highly soluble in water and in 
alcohol : its solution when pure has a bright-orange colour, 
but when mixed with iridium, as is usually the case with the 
commercial salt, its colour is more or less red. On evapora- 
tion it yields crystals of the composition PtCl^.lOHgO; 
when crystallised from solutions containing free hydrochloric 
acid it forms hydrogen platinochloride, HgPtClg. 21120. On 
adding solutions of many chlorides double salts of the general 
formula MjPtOl^ are formed, known as platinochlorides. The 
potassium and ammonium compounds, (Nn^)2Pt01g and 
K^PtCl^, are sparingly soluble, yellow crystalline salts ; they 
are of importance as constituting the forms in which potassium 
and ammonium compounds are most frequently separated in 
quantitative analysis: the thallium, caesium, and rubidium 
salts greatly resemble these compounds, and have an analogous 
composition; they are even more insoluble in water. Silver 
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chloride is readily soluble in solution of platinum tetracUoride, 
and may be obtained crystallised therefrom. 

Platinic Chloriodide, FtClglg', obtained by the addition of 
iodine to a solution of the tetrachloride, forms large bright- 
red deliquescent crystals, melting below lOO'*. 

By the action of sulphurous acid upon ammonium platino- 
chloride, a compound, termed platino-chlorosalphafoas acid, 
PfcCLSOgH, is formed. 

The production of this body may be represented by the 
following equations — 

PtCl4. (NE^Ci)^ + HjSOa + H,0 = PtCla + (NHJjSO^ + 4HCL 

The platinum dichloride thus formed yielding the new acid 
by the action of a second molecule of the snlphurous acid : 
thus — 

PtClg + HjSOa = PtCl. SO,H + HCl. 

Platino-chlorosulphurous acid yields a compound with am- 
monium chloride, crystallising in long orange-yellow prisms 
of the composition PtCl.S08H.2!N'H4Cl. On adding potas- 
sium carbonate to this substance, the H in the group SO3H 
is replaced by K : thus — 

PtClS03K.2NH4Cl. 

By treating potassium platinochloride with sulphurous acid, 
and adding potassium chloride to the solution, the compound 
PtCl.SO3K.2KCl is obtained. Similar compounds contain- 
ing sodium, calcium, barium, and magnesium have been 
formed. 

Platino-carbonyl Chlorides. — By passing a stream of car- 
bon monoxide over heated platinum dichloride, a sublimate 
consisting of a mixture of platino-, mono-, and di-carbonyl 
dichlorides, and platino-tricarbonyl tetrachloride is obtained. 
The monocarbonyl chloride crystallises m bright -yellow 
needles: it melts at 195°, and sublimes at 240^ The 
dicarbonyl chloride forms white needle-shaped crystalfl. 
The tricarbonyl tetrachloride is separated from the mixture 
by taking advantage of its superior solubility in carbon tetra- 
chloride. Both the dicarbonyl dichloride and tricarbonyl 
tetrachloride lose carbon monoxide when heated, and pass 
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into the monocarbonyl compound. The constitution of these 
compounds may be represented by the following formulae — 

Platino-oarbonyl dichloride >Pt=CO 

CK 

CI. yCOv 
Platino-dicarbonyl dichloride x ^*\ / 



CV ^CO' 



Pl^itino-tricarbonyl tetrachloride 






CO— ptaa 



CI/- ^CO— CO 



267. Phosphoplatinic Compounds. — ^When finely-divided 

platinum and phosphorus pentachloride are heated together 
to about 250°, a dark claret-coloured crystalline body of the 

composition PtClg-PClg or Clg = Pt = PCI3 is obtained. This 
substance, which may be termed phosphoplatinic chloride, 
is soluble, without decomposition, in carbon tetrachloride, 
benzene and its homologues, and chloroform ; when gently 
heated in chlonne it combines with a molecule of that gas^ 
and forms a yellow powder of the composition ClgPt — PCl^. 
Phosphoplatinic chloride treated with water yields hydro- 
chloric acid and phosphoplatinic acid, Cl^Pt = P(0n)3 : 

CljPt. PCI3 + SHjO = ClaPt. P(0H)3 + 3HC1. 

By concentrating the solution in vacuo, the acid is obtained 
in orange-red deUquescent prisms. 

Phosphoplatinic chloride, dissolved in phosphorus tri- 
chloride, yields a crystalline mass of a bright yellow colour, 

.PCI3 

consisldng of diphosphoplatinie chloride, GLPt< I . In 

^PClg 
contact with cold water it yields diphosphoplatinie acid, 

yP(0H)3 

CloPtC^ I • By the cautious evaporation of its solution 

P(0H)3 
at the lowest possible temperature the acid may be obtained 
in yellow deliquescent necKlles. On gently heating, it loses 
a molecule of hydrochloric acid, and yields a colourless body 

O 
of the composition ClPt^P2(OH)5. By heating to 160°, 
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this substance parts with water, and yields a yellow powder 

consisting of ClPt = F/>,{OB)y 
258. Ammoniacal Platinum Compounds. — On adding 

excess of ammonia to a boiling solution of platinum dichloride 
in hydrochloric acid, bright-green needle-shaped crystals of 
the empirical formula Cl2Pt.2NH3 are obtained: this sub- 
stance has long been known as the " green salt of Magnus." 
If this salt be boiled with a solution of ammonium 
chloride its colour changes to yeUow. A red or hrowniahrred 
salt may be obtained by cautiously adding ammonium car- 
bonate to the solution of the platinum dichloride. The green 
salt of Magnus may be regarded as the chloroplatinate of a 
base, termed plal^so^iamiTaonium; according to this view^ 
its composition is 2(Pt(!N'2HgCl)2)PtClo. A number, of the 
salts of this base have been prepared: they are perfectly 
stable compounds, and may be obtained in well-defined 
crystals. The following list gives the names and formulsa 
of a few of these salts : — 

Platoso-diammoniuin chloride Pt(N^H0),CL 

nitrate R(irA),(N03), 

„ „ sulphate Pt(NsH8),S04 

carbonate Pt(N2He)2.G03. 



>f n 



The hydrate of the base, Pt(N2Hg)2(OH)2, may be obtained 
by adding baryta water to the solution of the sulphate and 
concentrating the filtrate in vacuo. It forms a strongly 
alkaline solid mass resembling potash ; it absorbs carbonio 
acid from the air, expels ammonia from its salts, and forms 
salts with acid radicles. 

A large number of ammonio-platinum compounds have 
been prepared : all at present known may be considered to be 
derived from one or other of the groups on p. 273. 

The dashes indicate that the groups to which they are 
attached are unsaturated. This mode of classifying these 
veiy complicated compounds is due to Blomstrand; it will 
be observed that each group, with the exception of the two 
last, exists in two or more isomeric modifications, in one of 
which the platinum is assumed to be dyadic (pkUoso), and in 
the other tetradic {phtino). 
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209. Platoso-ammoninm Chloride, Pt I ^g^Qp ifl obtained 

in yellow crystals by adding hydrochloric acid to a solution 
of platoso-diammonium chloride, or by boiling Magnus' green 
salt with ammonium chloride {vide impra). The correspond- 

f ■VTTT V 

ing oxide, Pt < jttt^/O, is a grey powder obtained by heat- 
ing platoso-diammonium hydrate to 110*': — 

ftiN&oS = Ptj^H,>o+2NH,+H.O. 

A number of salts corres^)onding to this oxide have been 
prepared. 

{N H CI 

with the preceding chloride, is formed by adding ammonia to 
a cold solution of platinous chloride in hydrochloric acid, 
treating the crystalline powder thus obtained with boiling 
water, filtering and concentrating the solution. It forms 
yellow prisms, sparingly soluble in cold water, but readily 
dissolved by hot water. 

PlatOBO-monodiammoniain Chloride, Pt | ^^^ , crystal- 
lises in colourless needles : it is very soluble in cold water, and 
with platinous chloride forms the brownish-red salt obtained 
by the action of ammonium carbonate on platinum dichloride; 

hence the composition of this salt is 2^Pt < -^^ in VPtClg. 

{NH Cfl 
nhVi 

r N H CI 
PlatoBO-diammonium Chloride, Pt -j -^^ylov " ^^^^^^ 

in light-yellow crystals by boiling platinous chloride or the 
green salt of Magnus with ammonia. "When treated with 
platinous chloride, the latter salt is again formed : this com- 
pound is, in fact, the chloroplatinate of platoBO<liaiiimoiiiam 

chloride, 2(Pfc{N.|6g).ptci^ 

Platin-ammoniuni Chloride, CI2 = Pt | jq^^^p ia formed 
by the action of chlorine on platoso-ammonium chloride. B^ 
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the action of silver nitrate, the corresponding nitrate, 
(^03)2 = Pt I S]^^]^Q^ is obtained ; on heating this com- 

* ^ . fNH OH 

pound with ammonia, the hydroxide, (0H)2Pt < j^2[^'qtt> is 

obtained : it is a yellow crystalline powder, unattacked by 
potash, but readily dissolved by acids with the formation of 
salts. 

Platino-semidiammonium Chloride, ClaPt | -^2^601^ ^ 

formed by the action of chlorine on platoso-semidiammonium 
chloride. It crystallises in small yellow rhombic tables which 
are not decomposed by strong sulphuric acid. 

Platino-monodiammonium Chloride, ClgPt | ^^^^, is 

obtained by the action of aqua-regia on platoso-monodiam- 
monium chloride. 

Platino-diammonium Chloride, ClgPt | ]^^«q|, is formed 

by passing chlorine into a solution of platoso-diammonium 
chloride. It crystallises in light-yellow regular octahedrons. 
By treatment with silver nitrate only half the chlorine is re- 
moved, and a compound of the composition ClgPt < -sr^jr^-^p.^ 

r N H CI ^ ^ ^ 
is obtained. An isomeric body, (N'03)2Pt -j j^2 * ig^nown; 

it is formed by the action of hydrochloric acid on a basic 

nitrate of platino^iammonium, (0H.N03).Pt | ]^2^'^^». 

It readily parts with its chlorine on treatment with silver 
nitrate. For further details concerning the various platino- 
ammonias and their derivatives, the student is referred to 
Watts^ Dictiona/ry of Chemistry, Suppl. II., 992. 

260. Platinum Sulphides. — Sulphuretted hydrogen forms 
the monosulphide, PtS, with platinum dichloride ; with the 
tetrachloride it forms the disulphide, PtSg. They are black 
powders, insoluble in water and acids ; the disidphide dis- 
solves in alkaline sulphide forming sulpho-platinates. 

Flatinous compounds give no precipitate with ammonium 
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cMoride; platinic salts affoid the sparingly-soluble ammonium 
chloroplatinate. Potash in excess gives no precipitate with 
platinous salts ; with platinic compounds it produces precipi- 
tates either of basic salts or of the brown platinic hydrate. 
Platinous chloride yields the green salt of Magnus on the 
addition of ammonia. 



261. Iridium — Symbol Ir; atomic weight 196*9. — On 
treating platinum ore with aqua-regia, heavy crystalline scales 
of a tin-white lustre remain undissolved. These consist of an 
alloy in variable proportions of iridium and osmium, con- 
taining small quantities of the other platinum metals. Its 
composition is extremely variable, as the following analyses 
show — sample I. is from Australia ; sample IL from the Ural : 

L IL 

Osmium, 33*46 49*34 

Iridium, 6813 4677 

Bhodium, 304 3'43 

Buthenium, 6*22 — 

Copper,.... 0*15 Iron 0*74 

10000 ,100-30 

Iridosmine, as this mixture is termed, is quite insoluble 
in any acid or mixture of acids ; when heated in the air, the 
osmium becomes oxidised to osmic tetroxide which volatilises; 
on heating the alloy with alkaline nitrates, both the osmium 
and iridium are oxidised and unite with the base. 

To obtain the iridium, the alloy is mixed with sodium 
chloride and heated to redness in chlorine in order to expel 
the osmium; the mixture is dissolved in water, and the 
solution of the chlorides again treated with chlorine, mixed 
with hydrochloric acid and saturated with potassium chloride; 
a precipitate of the potassio-chlorides of ruthenium, iridium, 
and platinum is thus obtained : it is dissolved in boiling 
water, and a current of hydrogen gas passed through the 
solution ; the platinum and ruthenium are first precipitated, 
and the solution acquires a dark-green colour. The liquid is 
decanted from the precipitate and again treated with hydrogen 
when the iridium gradually separates out in extremely thin 
laminae possessing a bright metallic lustre. 
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tridiam may be readily separated from platimim by con- 
verting the two metals into their cyanides, combining these 
with barium cyanide, and picking out the large colourless 
prisms of the iridium compound from the yellow crystals of 
the platinum salt. 

Iridium is now used for many purposes for which platinum 
was formerly alone employed, as, for example, in the construc- 
tion of standard weights. To separate the metal on the large 
scale, the iridosmine is heated with barium nitrate, and the 
fused mass is treated with water. The residue of iridium 
oxide and barium osmate is dissolved in nitric acid and 
distilled to separate the osmic acid. On the addition of 
caustic baryta to the solution, iridium oxide is precipitated, 
which is dissolved by aqua-regia, and precipitated as iridio- 
chloride of ammonium by the addition of sal-ammoniac. This 
compound is ignited, and the spongy metal containing more 
or less platinum, rhodium, and ruthenium, is heated with 
nitre; the fused mass is treated with water which extracts 
potassium rutheniate, and the remaining metals are dissolved 
by molten lead from which pure iridium graduaJly separates 
out. 

Iridium, the existence of which was first indicated, inde- 
pendently, by Descotils and by Smithson Tennant in 1803, 
closely resembles platinum. It is, however, more infusible 
than that metal and more brittle; its specific gravity is 22*4. 
It is very slowly acted on by aqua-regia : by mixing it when 
finely divided with sodium and potassium chlorides, and heat- 
ing the mixture in a stream of chlorine, potassium and sodium 
chloriridiates are formed, which are soluble in water. 

Four oxides of iridium are known. The monoxide, TrO, 
is an unstable compound readily converted into the dioxide 
on exposure to aii*. 

The sesquiozide, IrgOg, is a black powder formed by heat- 
ing a mixture of potassium chloriridate (SKCLIrClg) and 
sodium carbonate in carbon dioxide, and treating the mass 
with water. It is used in porcelain painting as a grey pig- 
ment. It may be obtained as a trihydrate, IrgOg.SHgO or 
IrHgOj, by adding potash and alcohol to a solution of the 
trichloride, or as a pentahydrate, Ir203.5H20, by adding 
potaah to a solution of an alkaline chloriridite. ' The oxide 
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gradually absorbs oxygen from the air and passes into the 
dioxide. 

The dioxide, Ii*Oo, is the most stable oxide of iridium. It 
is obtained as a dark-blue hydrate, Ir02.2H«0 or IrH404, by 
boiling a solution of iridium chloride witn an alkali: on 
heating it is converted into the anhydrous oxide. 

.0 

The trioxide, IrOg or O = Ir^ I , is obtained in union with 

potassium by fusing the metal with nitre. 

262. Iridium unites with chlorine in three proportions to 
form a dichloride, a trichloride, and a tetrachloride. 

The dichloride, IrClg, is known only in certain double 
salts termed hypochloriridites. 

IrCle 
The trichloridei Ir^CL or I ^ is obtained by dissolving 

IrCl3 

the corresponding oxide in hydrochloric acid* It combines 

with certain metallic chlorides to form double salts, known 

as chloriridites, of the general formulas 

n a 

6MCl.IrjCl« or IrMaCl^ and 3MCla.Ir3Cl«. ot U^IrjOln* 

The tetrachloride, IrCl^, is formed by dissoltring the metal, 
or any of its oxides, in aqua-regia. It is a black deliquescent 
powder, readily soluble in water. It forms salts with the 
alkaline chlorides analogous to the chloroplatinates. The 

J)otassium compound is soluble in boiling water, and crystal' 
ises in dark-red octohedrons. 

Iridium forms with ammonia a series of compounds analo- 
gous to those of platinum. ^ On treating ammonium chlori- 
lidite with a warm solution of ammonia, a compound of tho 
composition 

10NH8.Ir,Cl„ or [NgH^IrCNHjJjCl,, 

to which there is no corresponding platinum derivative, is 
produced. By digestion witn silver oxide the base has been 
obtained as a rose-coloured alkaline mass, of' the composition 
lONHg.IrgOo ; the corresponding carbonate^ nitrate, and sul- 
phate have also been prepared. 

SdlutionB of iridious salts have a dark olive-green colour : 
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iridic solutions are brownish red. On adding ammonium or 
potassium chloride to a solution of iridic chloride, the spar- 
ingly-soluble chloriridites are obtained as brownish-red 
crystalline precipitates : on treating their solutions with 
hydrogen or hydrogen sulphide the colour changes to dark- 
green. 

268. Lead— Symbol Pb (Plumbum); atomic weight 207.— 
This metal has been known from very early times : it is men- 
tioned in the book of Job. It was largely smelted in Spain 
and in this country by the Eomans, by whom it was termed 
plumbum nigrum. The alchemists designated it by the sign 
of Saturn T; . Metallic lead has been found native in the 
Kirghiz Steppes in small plates or grains, imbedded in horn- 
stone, and is also met with in certain gold washings. It is 
principally obtained from the sulphide or galcTia, which is 
found in Cornwall, Derbyshire, in various parts of Wales, 
in the Isle of Man, in Saxony, Sweden, and Spain; and from 
the carbonate or cerussite, which occurs associated with galena^ 
in Germany, Spain, and in the United States. Other less 
important ores are the sulphate, phosphate, and arseniate. 
To extract the metal the ore is first picked, crushed, and 
washed, and is then smelted either in reverberatory or blast 
furnaces. In smelting by the reverberatory furnace the 
galena is first partially roasted, whereby one portion becomes 
converted into oxide, with loss of sujphur dioxide; thus, 
PbS + 03 = PbO + SOg ; and another portion is oxidised to 
sulphate, PbS + O^ = PbSO^ ; the mixed sulphate, oxide, and 
remaining sulphide then react upon each other^ forming 
metallic lead and sulphur dioxide. 

(1.) 2PbO+PbS=Pb3+S02 
(2.) PbS04+PbS=Pb2+2S0a 

Fig. 148 represents a longitudinal section^ and fig. 149 
a plan of the reverberatory or Flintshire furnace, used 
in smelting galena in this country. The hearth of the 
furnace is built of fire-bricks, and is lined with grey 
slag when in a pasty condition, so that it may be fashioned 
into the hollow shape represented in the figure. The 
charge^ varying from 12 to 30 cwts. of the dressed ore^ ia 
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introduced throngh tJie fuimel-ili&ped aperture or hopper d, * 
descending throngh the arch of the furnace; it is raked 
over the Bor&ce, and is gently heated for a couple <^ houn^ 




Fig. 149 
caro being taken to mamtAui the temperature below the 
fusing point of the galena and to keep ^e mass constantly 
Btirred. The slags or skimmings from the surface of the 
lead in the pot smelted from previous operations, are then 
thrown into the furnace a quantity of met^ now aeparatea 
out and runs down into the hollow or well of the fomaoe, 
and thence into the metal pot, m. The furnace is gradoally 
brought to a full red heat, when the metal runs out in larger 
amount, and quantities of slog are formed, which are pui^d 
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Up the slopes of the furnace to alloT of the more ready eepd- 
ration of iJie lead. A few shovelfuls of quicklime are thrown 
upon the hearth to assist the fluxing. The temperature is 
again raised, the doors of the furnace being shut ; in about 
an hour the slag ia again worked over the hearth, and a larger 
quantity of quicklime is added to decompose any lead silicate 
which might be formed, and at the same time to diminish 
the fusibility of the mixture. The furnace is supplied with 
fresh fuel and is raised to a high temperature ; more lime is 
added until the elags work diy, when they are raked out in 
pasty lumps through one of the side doom, after which a 
second charge is introduced and the above process repeated. 
The operation of smelting a ton of average ore occupies from 
five to six hours, and requires from 12 to 16 cwts. of coal. 
The " grey " slag formed contains occasionally more than- half 
its weight of lead, mainly as oxide : it is therefore re-smelted 
in the sl^ hearth. 




Fig 150 
In the northern paiia of England and m Scotland, lead 
ia smelted in a small blast furnace known as the ore hearth, 
represented in tig. 160. The ore, which is usually pre- 
viously calcined in a reverberatory furnace, is thrown upon 
the fire, generally made of a mixture of peat and coal, 
in qnaotltieB of about a dozen pounds at once. The blast 
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issues from a pipe at the back of the furnace, and the mix- 
ture is occasionally stirred, so as to loosen the agglutinated 
ore, or hrouse as it is technically called, and from time to 
time portions of the agglomerated mass are drawn on to 
the fore part of the furnace, or work-atone^ c, and the vitreous 
or " grey slag "-formed is picked out, to be treated in the slag 
hearth. The oxidised ore, existing partly as sulphate, partly 
as oxide, reacts upon the sulphide, as previously described, 
mth the separation of the metal, whilst another portion of 
lead is formed by the reducing action of the fuel ; and the 
metallic lead falls down into the bottom of the furnace ; when 
the hearth is full the metal runs out through a groove cut 
in the work-stone into the receiving-pot, d, from which it is 
ladled into pig moulds. During the working of the furnace 
the hearth-bottom is kept constantly filled with melted lead, 
on which the contents of the ore hearth rest : this bath of 
molten lead constitutes, indeed, the real bed of the furnace. 
In smelting, a considerable quantity of lead, partly as oxide 
partly as sulphide, is mechanically carried away as fume by 
the action of the blast. The lead-fume, together with the 
other products from the furnace, consisting of gases from the 
fuel, and sulphur dioxide from the ore, are led through long 
flues in order that the suspended matter may be deposited ; 
when a sufficient quantity has collected it is smelted in the 
slag-hearth. 

The slag-hearth is a small blast furnace with a single twyer, 
which enters at the back as in the ore hearth (fig. 151). 
The bottom, or bed-plate of the furnace, which slopes towards 
the Jire-stone, c, is covered with coarse cindei'S or coal ashes to 
within an inch or so from the nozzle of the twyer : this bed 
acts as a filter to separate the metal produced fi*om the 
black slag simultaneously formed ; the lead runs down the 
bottom of the hearth and into the lead trough (e) in front, 
which also is partially filled with cinders; the slag passes 
into slag-pits (/) containing water, where it is broken 
up by the rapid coolings so that any lead disseminated 
through it can be readily extracted by hand-picking or 
washmg. To start it, the furnace is partially filled with 
peat, a small quantity of burning coal is added, and the blast 
is turned on. When the furnace is well lighted coke 10 



thrown in, and in about an hour the grey dag or refuse lead- 
product is added. !Fuel and grey slag are added alternately 
from time to time; the metal separates out, and black elag is 
formed, to focilitate the flow of which the workman pudies 
an iron bar beneath the fore-Btone into the layer of cinder. 




Fig 151 

The process is mainly one of reduction by the carbonaceous 
matter of the fuel A considerable sanng is effected by 

the uBe of hot air in the blast. The slag lead, as the metal 
thus obtained is termed, is very ?iard or impure, and requires 
to be softened by the calcmmg process 



ft 



Calcining or Ijnproving Process. — The lead obtained from 
these several operations is frequently so hard, from the 
presence of antimony, copper, and iron, that it is wanting in 
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malleability — a property upoa whlcli the greater number d 
the applications of lead depend. It is therefore softened hy 
melting it in a shallow pan (a), fig. 152, and exposing it to 
the oxidising action of die air. The foreign metals, together 
with a considerable proportion of the lead, being converted 
into oxides, rise to the surface and are skimmed off, the 
operation being continued until it is fotmd bj trial that the 
lead b sufficiently soft. The dross, which consists mainly of 
the oxides of lead and antimony, is afterwards reduced in a 
rererberatory furnace, and again softened with a fresh qnan- 
tity of metal ; or if the amount of antimony is very lar^ the 
baid lead is used in the manufacture of type-metal. Yorious 
osidising agents, such as alkaline nitrates and chlorates, have 
been used to accelerate the softening process, but with only 
partial success. 




Denhermg of lead — Pattimon s procesg. — Moat lead ores, 
and particularly galena, contain more or leas silver, which 
in the process of reduction finds it way into the lead. If 
the amount of silver exceeds 10 or 12 ounces per ton, the 
precious metal may be extracted with profit by cupellation, 
that is, by melting the lead and oxidising it in the manner 
described below; the melted litharge flows away, and the 
silver is eventu^ly left behind on the cupel. Since, however, 
the greater portion of lead made in this country contains 
less than this amount of silver, few attempts were made to 
extract that metal from it. Mr. Fattinson having observed 
that when an ai^ntiferous lead was melted, t£e ciystals 
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\\rliicli first formed were comparatively free from silver, from 
the circumstance that the alloy of lead and silver has a lower 
solidifying point than the pure lead, conceived the idea of 
applying the fact to the separation of the two metals. By 
the process which he introduced, silver is now extracted even 
though it be present only to the extent of a couple of ounces 
to the ton. A series of cast-iron pots, the number of which 
varies in different works, is set in brickwork, and so arranged 
that each is heated by a sepai'ate fire, provided with separate 
flues and dampers : these pots, known as working-pots, con- 
tain from 6 to 10 tons of lead (fig. 153). Between each pair 
of working-pots is placed a small pot, termed a wash or temper 
pot, containing lead heated somewhat above its melting point 
(i^g, 154): in these the perforated ladles, used to remove the 




Fig. 154. 

lead crystals, are placed whenever the holes of the ladles are 
stopped up by solidified lead. At the end of the series is 
the market pot in which the desilverised lead is melted, pre- 
paratory to being cast into pigs. The ladle used for removing 
the crystals of lead is seen in ^g, 155: it is about 18 inches 




Fig. 155. 

wide and 6 inches deep, and the entire handle is about 9 feet 
in length ; the perforations are about half an inch wide, and 
about an inch aparfc. The process is commenced by melting 
from 4 to 5 tons of the argentiferous lead in No. 1 pot ; as 
soon as it is perfectly melted the fire is drawn, and the sur- 
face of the metal skimmed to remove dross. If necessary, it 
is cooled to the crystallising point by throwing in a quantity 
of water, or by adding one or two pigs of lead. The mass of 
molten metal is then well stirred, and the crystals which 
form and fall to the bottom of the pot are removed by the 
perforated ladle and thrown into Ko. 2 pot. After a time 
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the crystals which separate out are found to contain too much 
silver to be placed in No. 2 pot, they are therefore thrown 
on to the floor to be remelted with a fresh quantity of lead. 
When the mass of the lead in No. 1 pot is thus reduced to 
about one-eighth of its original amount^ it is cast into ingota 
and afterwards cupelled. The contents of No. 2 pot are then 
melted and subjected to precisely the same treatment, about 
six-eighths of the quantity are placed in No. 3 pot, an eighth 
is thrown upon the floor to be remelted with fresh additions 
from No. 1 pot, and the remaining eighth is put back into 
No. 1 pot. Pot No. 3 is then treated as pots 1 and 2; the 
poor crystals being placed in the market pot to be cast into 
pigs, and the last portion transferred back to No. 3, to be 
worked up with the fresh quantities from No. 2. By this 
treatment the amount of silver in the lead is reduced to about 
one-tenth of its original amount. This method of extraction 
is termed the method of eighths, since the contents of each 
pot are separated into eight parts, six of which are transferred 
to the succeeding pot, one being remelted in the same pot, 
and the remaining enriched eighth being either cupelled or 
put into the preceding pot. Occasioiially, in the case of 
richer argentiferous les[d, the number of pots is greatly in- 
creased, as many as fifteen being used, and the method of 
thirds is employed, that is, two-thirds of the contents of a 
pot are passed on to the succeeding, and one-third transferred 
to the preceding pot. The following analyses serve to show 
the general character of the lead after this treatment of 
calcining and desilverization — 



Ijcad, 

Copper,.... 
Antimony, 

Silver, 

Iron, 

Zinc, 



Emolish. 


German. 

(ViUaoher). 


09-9657 
•0236 
•0058 
•0010 
•0021 
•0018 


99-9870 
•0021 
•0052 
trace 
•0025 
•0032 


100*0000 


100-0000 



pesilverising with Zinc, — ^Wlicn lead and zinc are melted 
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together, and tlie mixture allowed to stand, the two metak 
arrange themselves in layers, of which the upper one consists 
of zinc containing nearly the whole of the silver originally 
present in the lead. On account of its higher melting point, 
the layer of zinc quickly solidiiies, and may be detached from 
the still molten lead The zinc ia used in the proportitm of 
about IJ lb of zmc to every ounce of silver, Mid is well 
stirred into the molten lead, the alloy, consisting of a mix- 
ture of zmc, lead, and silver, is heated m an inclined i: 
retort d (fig 156), a portion 
by "iiquation, ' carrvmg 
with it a certain portion 
of the sdver which is ex- 
tracted by cupellation, 
and the aigentiferoua 
zinc IS distilled m Bel 
gian retorts with lune 
Mid coal, zmc passes over ^ 
and IS condensed, and 
the adver remains with 
the residual lead in the 
retort, from which it is 
separated by cupellation. *''B ^^ 

The process of refining is accelerated by blowing steam 
through the molten metal, the action of the current of 
vapour being partly mechanical and partly chemical; the 
antimony is rapidly and completely oxidised, if its quantity 
does not exceed one-half per cent., and rises to the surface 
as a scum, which, towards the end of the operation, is found 
to be rich in copper. Lead crystals separate out from the 
molten mass, the silver, together with the remainder of the 
copper, etc., being found in the still liquid portion. In 
Bozau's process, a quantify of the impure lead ia melted in 
a pot, holding about 10 t«na of the metal, and when freed 
from dross, it is transferred to a second and larger pot; steam 
is blown in to mix the melted lead with the residue of crystals 
from a previous operation; water is then sprinkled on ite sur- 
face to promote ciystallization, and the current of the steam 
is incr^sed, ita pressure being about three atmospheres. As 
9000 aa about two-thirds of the lead have been deposited. 
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which requires about 1 J houre, the remainder is drawn off; 
a fresh quantity of impure lead is introduced, and the process 
is recommenced. 

Refinmg or CvpeUation. — The silver is extracted &om the 
"rich" lead by cupeJlation. The principle of the process 
has ahready been stated : it consiatA in oxidising the lead by 
the action of a current of air, 
and removing the litharge as 
J, fast as it is formed j the silver 
is eventually obt^ned on the 
cupel nearly free from 'lead. 
Two methods of carrying out 
the process are used, known re- 
spectively as the English and 
the German methods. In the 
English method, the hearth 
I upon which the metal is melted 
consists of an oval iron frame 
filled with powdered bone-ash, 
' moistened with a solution of 
j>earl-ash: the ash is beaten 
down and scooped out in the 
. form of a dish (fig. 157). This 
I dish or cupel does not completely 
"". the oval ring, a chann^ 
ing left for the passage of the 
melted litharge. The cupel or test is then put in position 
in the furnace, as seen in fig. 158. The flame, from the 
fireplace in the front of the furnace, passes over the cupel, 
and the products of combustion make their escape through 
a fiue {kj into the chimney. At one end of the cupel is a 
twyer (e), capable of delivering a blast of air at the rate of 
from 200 to 300 cubic feet a minute. The lead to be refined 
is melted in an adjoining pot, and run on to the cupel in 
quantities of about 600 lbs. at once; as soon as the oxidation 
of the lead commences the blast is turned on, and the lithurge, 
as it is formed, is directed by its action through the channel 
in the cupel, from which it falls into an iron pot placed to 
receive it. More lead is added from time to tune, until the 
silver has become concentrated to the extent of about 8 per 
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Fig. 157. 
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ccat., when a hole is di-illed into the bottom of the cupel, and 
tlie rich lead runs out into an iron pot; the hole ia then 
Btopped up and the process recommenced. The rich alloy is 
refined in the same manner in a smaller and somewhat 
differently shaped cupel, until nearly the whole of the lead 
is removed by oxidation. The second cupellation needs a 
greatly increased heat, m order to nmintam the silver per- 
fectly fluid to the end of the process What la known as 

nP- ~~ — - — 




Jloriiontat Section. 
Fift 168. 
the " brightening " or " fulguration " of tho silver, a pheno- 
menon frequently observed in silver assaying, is not generally 
seen on the largo scale, bat the formation of little craters, 
and the consequent spitting of the masii, due to the rapid 

10—11. T 
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disengagement of the dlsBoIyed oxygen constantly takes placa, 
and has to be guarded against by perforating tiie surface of 
the solidifying metal, in order to facilitate the evolution of 




VerUeal Section, 
Fig. 1S9. 
The principle of the German cupellation process ia pre- 
cisely tlie same as that of the English method, but the con- 
straction of the furnace and the composition of the cupel or 
test are differettt. Fig. 169 represents a German cupelling 
fnmace. The hearth, -which is fised, is circular, and much 
larger than in the English fumacej it ia lined with marl, 
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or a mixture of dolomite or carbonate of lime and clay. The 
twyers, generally two in number, are seen at lib. About 5 
tons of the lead are cupelled at once; soon after melting, a 
pasty, slag-like mass or scum, termed dbzug by the Germans, 
collects on the surface, and is removed by skimming. A 
coating of impure litharge, containing oxides of iron, zinc, 
antimony, and other metels, known technically as ahstrichy 
now begins to form, and is allowed to flow away through the 
hole c, or is skimmed off. The blast is now turned fiill on, 
and a purer litharge is rapidly produced, which also flows 
out through the hole at c. As soon as the whole of the 
litharge has been removed the metal is quickly cooled by 
throwing water upon it, the movable head a is raised by 
means of a crane, and the cake of silver is taken from the 
hearth. 

The litharge produced in large quantity in these processes 
is afterwards reduced in a reverberatory or blast furnace with 
coal or charcoal. 

Lead is a white metal with a characteristic bluish-grey 
tint; when freshly cut or melted it shows a bright surface, 
which rapidly tarnishes on exposure to air. It may be ob- 
tained in crystals derived from the regular system. It is so 
soft that it may be scratched with the finger-nail; and it 
makes a streak when drawn upon paper. It is but slightly 
elastic or sonorous; it is Highly malleable, but cannot be 
diuwn into very thin wire. When heated it may be forced 
through perforations, a property which is taken advantage 
of in the manufacture of piping and of rifle-bullets. Lead 
is about 11 '38 times heavier than water: its density is 
inci*eased by rolling. It melts at about 330°, but cannot 
be distilled from closed vessels : the lead which is carried 
away in a current of air exists as oxide. 

Lead combines readily with many metals to form definite 
alloys. Type-metal is an alloy of 4 parts of lead and 1 of 
antimony, and, occasionally, of tin ; stereo-metal consists of a 
mixture of lead, tin, and antimony, and, sometimes, bismuth. 
Fine solder, melting at 170°, consists of 2 parts of tin and 1 of 
lead ; common solder, melting at 190°, contains equal weights 
of the metals ; and coarse solder, melting at 230°, consists of 
2 parts of lead and 1 of tin. Fewter is composed of 1 part 
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of lead and 4 of tin. QueerCa metal, used for making spoons, 
teapots, etc., is a mixture of lead, antimony, and bismuth, 
witii tin. 

ShoUtnetaZ consists of lead containing from 0*5 to 2 per 
cent, of arsenic, formed by adding a rich arsenide of lead to 
molten lead. The molten mass is poured through a metallic 
sieve down a shaft, and the congealed drops are allowed to 
fall into a dilute solution of sodium sulphide, whereby they 
become coated wifch a thin film of lead sulphide which pre- 
vents oxidation. They are afterwards sorted and shaken with 
powdered graphite. 

Lead unites with oxygen in five proportions to form plum- 
bous oxide, PbgO, plumbic oxide, PbO, triplimibic tetroxide, 
PbgO^, diplumbic trioxide, PbgOg, and monoplumbic dioxide, 
PbO.. 

2&1. Plumbons Oxide, or Lead Suboxide, Pb^O, is a black 
powder formed by heating lead oxalate to 300": 

2PbC,04= Pb,0 + CO + 300,. 

It ignites when heated in the air, and is converted into the 
monoxide. When heated with a dilute acid, it is resolved 
into metallic lead and the monoxide which dissolves in the 
acid. 

Plumbic Oxide, PbO, is found native as lead ochre, and 
may be obtained artificially by heating the carbonate or 
oxalata Mcbssicot and litharge consist of the monoxide. 
Massicot is a yellow powder formed by heating lead to dull 
redness and removing the film of oxide as it is produced. 
Litharge is obtained in the cupellation of lead at a high 
temperature ; the melted litharge flows from the cupel into 
iron pots in which it slowly cools. The mass when cold 
breaks up into crystalline scales, constituting what is known 
as flake litharge; the coherent pieces are afterwards ground 
between stones imder water, forming buff or leviga/ted lithao'ge. 

Lead monoxide is dimorphous : it may be obtained in 
regular dodecahedrons or in rhombic octahedrons. Its 
specific gravity varies slightly with its crystalline form ; its 
mean value is about 9*3. It is sparingly soluble in water, 
but readily dissolves in acids and the fused alkalies. 

S65. Plumbic Ejix^Xe, PbH^O^, may be obtained as a 
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crystalline precipitate by adding ammonia to a solution of 
lead nitrate or acetate. When moist it absorbs carbon 
dioxide from the air ; it becomes anhydrous on heating to 
about 150^ 

266. Triplnmbic Tetroxide, Mininm, or Bed Lead, PbgO^ 

or 2PbO.Pb02, occurs native, and is obtained artificially by 
heating the preceding oxide in air. In preparing it on the large 
scale, about a ton of lead is melted on the hearth of a furnace 
and exposed to a current of air; the oxide which gradually 
forms is pushed towards the back of the furnace, and removed 
to a trough and ground between stones under water; the 
levigated powder is then reheated to a low temperature for 
about 48 hours until the proper tint is obtained. Red lead 
is used extensively as a pigment, and in the manufacture of 
glass. The name " minium " was originally applied to cinnabar, 
which was extensively adulterated with red lead : by degrees 
the name passed to the adulterant. On heating, red lead 
temporarily darkens in colour, becoming almost black, and 
at a red heat it loses oxygen and is converted into the prot- 
oxide. On treatment with dilute nitric acid the protoxide 
dissolves and the brown dioxide remains. The tetroxide is 
perfectly soluble in glacial acetic acid, forming a mixture of 
acetates. The solution acts as an oxidising agent, decolouris- 
ing indigo, changing sulphurous acid to sulphuric acid^ and 
oxidising iodine to iodic acid. 

Diplumbic Trioxide or Lead Sesqnioxide, Pb203, is an 
orange-red powder obtained by mixing a solution of the 
preceding oxide in acetic acid with dilute ammonia water. 
It is decomposed on heating, and is reduced by oxalic acid 
solution ; it dissolves in cold hydrochloric acid, but the solu- 
tion quickly gives off chlorine, and lead chloride^ PbClg, is 
precipitated. 

Plumbic Dioxide or Pnce Oxide, PbO^, is found native as 
the mineral plattnerite, and may be prepared by treating the 
protoxide or carbonate suspended in water with a stream of 
chlorine gas, or by the action of nitric acid upon the red oxide. 
It is reduced on heating or by exposure to sunlight to the 
red oxide ; it becomes heated to redness when projected into 
sulphur dioxide, and takes fire when triturated with sulphur; 
it oxidises ammonia to nitric acid, and the reduced oxide is dis- 
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solved, fonniiig lead nitrate. On boiling a solution of a man- 
ganese salty £ree from chlorine, with nitnc add and the brown 
oxide, permanganic acid is produced. The formation of this 
acid under these circumstances constitutes an exceedingly 
delicate test for manganese. The dioxide forms crystallisable 
compounds with potassium and calcium hydratea 

267. Lead Chloride, FbCl^, is readily obtained by adding 
hydrochloric acid or a soluble chloride to a solution of a lead 
salt. It crystallises in forms derived from the rhombic 
system. It is sparingly soluble in cold water (1 part in 120 
parts), but ib much more soluble in boiling water and in strong 
hydrochloric acid. It fuses at 501^ and gives off fumes, 
and in contact with air is converted into an oxychloride, 
FbO.PbClg, which is found native as maUockUe, and is made 
artificially as a pigment by boiling the chloride with milk 
of lime. Mendipite ia an oxychloride of the composition 
PbCl2.2PbO. TumcT^s yellow has the composition PbCl^ 
3PbO; Casael yellow is PbClg-TPbO. 

268. Lead Bromide, PbBr^, resembles the chloride, but is 
even more insoluble in water wan that salt. It combines with 
the monoxide, forming oxybromides corresponding to the 
oxychlorides. 

269. Lead Iodide, Pblj, is a bright -yellow crystalline 
powder formed on mixing solutions of lead nitrate and 
potassium iodide. It dissolves in a large quantity of boiling 
water ; as the solution cools, beautiful spangles of a golden- 
yeU^w colour are precipitated. On heating, the iodide be- 
comes dark-red and fuses; at a high temperature it loses 
iodine and is converted into an oxyiodide. K lead acetate 
bo mixed with potassium iodide an oxyiodide, PblgPhO, is 
formed. 

270. Lead Flnoride., PbFg, is a sparingly soluble white 
salt, obtained by adding hydrofluoric acid to a solution of lead 
acetate. 

271. Lead Monosnlphide or Oalena, PbS, constitutes the 

most abundant ore of the metal. It forms leaden-grey cubical 
crystals; other forms derived from the regular system are 
occasionally met with. The sulphide may be formed artifi- 
cially by fusing lead and sulphur together, or by passing 
sulphuretted hydrogen through solutions of lead salts. It 



LEAD CABBOKATS. 295 

melts at a bright-red heat, and, out of contact with air, may 
be Yolatnised unchanged. When boiled with moderately 
dilute nitric acid, it forms lead nitrate, with the liberation of 
sulphur ; if the acid be strong, lead sulphate is formed. By 
passing sulphuretted hydrogen into a solution of lead chloride 
a snlphochloride, FbCl2.3FbS, of a red colour is formed; 
excess of sulphuretted hydrogen converts it into lead sulphide. 

Lead Snlphate, FbSO^, is found native as the mineral 
cmglesite : it is formed as a heavy white crystalline powder 
by mixing solutions of a lead salt and sulphuric acid or a 
sulphate. It is almost insoluble in pure water, slightly more 
soluble in the mineral acids, and readily soluble in solutions of 
ammoniacal salts, caustic potash and soda, and sodium thio- 
sulphate. It melts at a red heat, and on heating with the 
sulphide forms metallic lead and sulphur dioxide. The 
mineral lana/rkUej occurring in the Leadhills in Scotland, is 
a compound of sulphate and oxide of lead, PbSO^.PbO. 

272. Diplumbic Nitrite, Pb2H02.N02, is a bright-red 
crystalline powder formed by boiung a solution of the nitrate 
with metallic lead. By treating a solution of this salt with 
carbonic acid the normal nitrite, Fb2!N'02, is obtained in 
yellow prisms easily soluble in water. A number of nitroso- 
nitrates or double salts of nitrites and nitrates of lead are 
known. 

278. Lead Nitrate, Pb2N03, is readHy obtained by dis- 
solving the metal or the monoxide in nitric acid. It forms 
milk-white octahedrons, soluble in about 7 parts of cold water. 
On heating, it is decomposed into lead monoxide, oxygen, 
and nitrogen tetroxide. It forms a number of basic salts 
sparingly soluble in water. 

274. Lead Orthophosphate, PbgPgOg, is a white powder 
formed by mixing solutions of lead acetate and sodium phos- 
phate. It forms double salts with lead nitrate and chloride. 
Pyromorphitey 2Pb3P20g.PbCl2, is found in hexagonal prisms 
in Cumberland, Scotland, the Hartz, and other localities; the 
isomorphous mineral mimetesite has an analogous composition, 
the phosphorus being replaced by more or less arsenic. 

276. Lead Carbonate, PbCOg, as the mineral cerusdie^ 
constitutes an important ore of the metal. It is found in 
rhombic crystals isomorphous with witherite. It sometimes 
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ooours associated vith the chloride, forming keradn or ftom- 
lead, PbCLPbCOg. On mixing solutions of alkaline car- 
bonates and lead salts, precipitates are obtained, the composi- 
tion of which varies with the relative proportion of the 
reacting salts and the temperatures of the solutions. The 
lohite lead of commerce is a mixture of lead carbonate and 
hydrate in variable proportions : its normal composition may 
be expressed by the formula 2PbC0B,PbH3O5. White lead 
is made according to what is known aa the Dvich proeeag, by 
placing rolls of sheet lead in earthenware crucible-shaijed 
vessels containing a small qtuintity of dilute acetic acid, and 
Bnrrounding them with fermenting tan in the manner indi- 
cated in fig. 160. The baaio acetate formed by the action of 




the acid on tho metal is rapidly converted into carbonate by 
the carbonic acid liberated &om the decomposing ot^ganic 
matter; the acetic acid thus set free again acts upon the 
metal tmtil the whole is converted into the carbonate. This 
method is imitated in Germany by suspending thin plates of 
lead in chambers containing the vapours of acetic acid and 
water, and subsequently introducing carbon dioxide and air. 
In the quick process, litharge is suspended in a solution of 
lead nitrate or acetate, and treated with carbonic acid. 
27& Lead Silicate is obtained as a yellow gla^a by fusmg 



THORIUM. 297 

the monoxide with silica. Faraday's heavy glass is a boro- 
silicate of lead made by fusing a mixture of 112 parts of 
lead oxide^ 16 of silica, and 24 of boron trioxide. 

Compounds of lead are readily reduced on heating with 
charcoal in the reducing area of the Bunsen lamp, and yield 
soft malleable globules of the metal. In solution, salts of lead 
give with sulphuretted hydrogen the black sulphide, oxidised 
to insoluble sulphate on heating with strong nitric acid; with 
hydrochloric acid they yield the chloride sparingly soluble in 
cold water, more soluble in hot water ; with sulphuric acid 
they give a dense precipitate of the sulphate, soluble in 
sodium thiosulphate; caustic potash throws down the hydrate, 
soluble in excess of the precipitant ; potassium iodide gives 
the yellow iodide. 



277. Thorium or Thorinum— Symbol Th ; atomic weight 
234, Cleve; 231*4, Delafontaine. This rare element was 
discovered by Berzelius in 1828 in thorite, a hydrated thorium 
silicate, found in the Norwegian island of Lovon. It has also 
been met with in the minerals euxenite, gadolinite, and orthite. 
The metal is obtained by heating the chloride with sodium 
as an iron-grey powder of specific gravity 7*8, permanent in 
the air at ordinary temperatures, but burning with great 
brilliancy when heated, forming the only known oxide thoria, 
ThOg. This substance is a white powder, which, after treat- 
ment with nitric or hydrochloric acid, becomes brownish-red 
and translucent ; it is perfectly soluble in water, but gives a 
solution which, by reflected light, appears like thin milk and 
water. The thoria in the solution is apparently in a condition 
resembling that of colloidal silica; when dried over sulphuric 
acid it has the appearance of opal. The hydrate, ThH^O^, 
is obtained as a gelatinous precipitate by adding potash to a 
solution of a thorium salt. 

278. The chloride, ThCl^, is prepared by igniting a mix- 
ture of thoria and charcoal in chlorine. It is a white crystal- 
line, highly deliquescent powder, which may be volatilised 
without change, and is readily dissolved by water and alcobaU 
It forms double salts with many ixx<b\»ilii!^<;^ (^<^x\^<^^« 
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279. The sulphate, Th(S04)2.9H:20, crystallises in forms 
derived from the triclinic system. It is sparingly soluble in 
water, and forms double salts with the alkaline sulphates of 
the general formula Th(S04)2.M2S04. The nitrate, Th(N03)4. 
I2H2O, is obtained in large transparent hygroscopic tables by 
evaporating a solution of the hydrate in nitric acid. 

In the general character of its reactions, thorium closely 
resembles zirconium and certain of the cerite metals. It is 
distinguished from zirconium by the formation of a white 
precipitate with potassium ferrocyanide. Potassium-thorium 
sulphate is insoluble in solution of potassium sulphate ; the 
corresponding yttrium salt dissolves in that solution. 
Sodium thiosulphate gives a precipitate with thorium salts, 
but not with compounds of the cerium metals. 



CHAPTER IX. 

GROUP V.—PENTAD METALS. 
Niobium. . Tantalum. Vanadium. 

The atomic value of niobium and tantalum is inferred from 
the vapour densities of their chlorides which agree with the 
formidfie NbCL and TaClg, On the other hand, oxyfluoride 
of niobium, NbOClg, forms a series of double salts with 
certain metallic fluorides which are isomorphous with the 
corresponding stanno-, zircono-, and titano-fluorides, and also 
with the tungsto-fluorides; in other words, isomorphous salts 
are formed by tin, titanium, and zirconium, which are tetrads, 
niobium which is a pentad, and tungsten which is a hexad; 
a fact which seems to show that identity of crystalline form 
between corresponding derivatives of two or more different 
elements cannot be t.aken as definitely indicating identity of 
atomic value in the elements. (Compare p. 162, Vol. I.) 

Vanadium may be supposed to stand to niobium in the 
same relation in which, among the tetrads, titanium stands 
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to zirconium. In many respects, however, yanadium is 
closely related to arsenic and phosphorus : its atomic weight 
is nearly midway between those of the two latter bodies, 

oil *7K 

thus — 2 — =53; and the similarly constituted minerals 

pyromorphitey Pb,.(P04)3Cl, mimeiisite, Pb5(As04)8Cl, and 
vam^adinite, V\(yO^^\y are isomorphous. Moreover, the 
difference between the specific volumes of phosphoryl and 
vanadyl trichlorides is of the same order as that between the 
correlated tetrachlorides of tin and titanium. Lastly, in 
vanadium dicHoride and in vanadyl^ dichloride, vanadium 
would appear to have an even atomic value, unless these 
compounds be formulated as VgCl^ and VgOgCl^ ; at present 
we have no means of deciding upon their true molecular 
weights. In the tetrachloride, however, vanadium would 
appear to be distinctly tetradic, since the vapour density 
of this compound agrees with the formula VCl^. (Com- 
pare p. 30). 



280. Niobium — Symbol Nb; atomic weight 94. — This 
element was discovered by Hatchett in a mineral termed 
coltumbite, and hence it was originally called columbium. 
The name which it now bears was assigned to it by Hose. 
Columbite or niobite is a niobate of iron and manganese, 
FeNbgOg, analogous to tantalite. Polycrase and eaacenite are 
mixtures of metallic titanates and niobates : scmuvraldte is a 
niobate of uranium, yttrium, and iron : ceschynite is a mixture 
of niobates, titanates, and thorates of cerium, lanthanum, cal- 
cium, and iron. Metallic niobium has not yet been described. 

Niobium combines with oxygen in three proportions to 
form NbO, NbOg, and NbgOg. 

281. The protoxide, M)0, is a black powder, and was 
formerly mistaken for the metal It may bo obtained by 
igniting the double fluoride of niobium and potassium witibi 
potassium in presence of air, or, better, by heating the oxy- 
chloride with magnesium. 

The dioxide, NbOg, is formed by strongly heating the 
pentoxide in hydrogen. It is a black powder which is re- 
converted into the pentoxide by heatm^ m ^« 
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The pentozide, Nb^Os, is a white powder which beoomes 
temporuilj greenish-jdlow on heatmg. Its specific gr a v i ty 
is aboat 4*5. It may be obtaiiied hydrated, N^O^TH^O, by 
boiling sodium niobate with dilate salphnric add. It is 
completely insoluble in adds after ignition. When heated 
in ammonia gas it yields a nitride; Yapour of caibon disol* 
phide oonverts it into an oxysalphide. Niobic acid combines 
with metallic oxides, forming complex series of salts. For 
example^ four potasdnm niobates are known, Tiz : — 

4K:50.3Nb,05.16H,0. 

8K^0.7M),05.32H,0. 

3K^O.2Nb,O5.13HJ0. 

K,0.3Nb,Oa.5H,0. 

282. Niobium PentacUoiide, NbCl^ is a yellow fusible 

solid formed by passing chlorine over a heated mixture of the 
pentoxide and. charcoaL An Ol^cllloridey NbOClj, and an 
Ozyfluoride, NbOFj, are also known. The latter compound 
combines with alkaline fluorides to form a series of well- 
crystallised double salts. 

A carbo-nitride (cyanide 9) of niobium is obtained in long 
greyish-violet needles by igniting a mixture of niobic add, 
carbon, and sodium carbonate in air; its composition is 
unknown. 

For the reactions of niobium, see Tantalum, p. 301. 



283. Tantalum— Symbol Ta; atomic weight 182.— The 
existence of this element was first indicated by Hatchett in 
1802. It is found in two minerals named tantalite and 
yttrotarUalite, The former is a ferrous and manganous tan- 
taJate ; the latter is a tantalate of yttrium. It is also found 
associated with niobium in columbite or niobite. The metal 
is obtained as a black powder of specific gravity 10*8, by 
heating sodium fluotantalate with metallic sodium in an iron 
crucible. It bums when heated in air, forming tantalic 
oxide, and is not attacked by any of the strong mineral acids, 
with the exception of hydrofluoric acid. 

284. Tantalum Dioxide, TaOg, or TagO^, is a dark-grey 
lustrous powder, of great hardness, formed by reducing the 

jjentoxide by means of carbon at a bi^b temperature. 
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Tantaltun Pentozide, TagOg, is a white powder, of specific 

gravity 7*4, which may be obtained in needle-shaped crystals 
by fusion with microcosmic salt. It is perfectly insoluble in 
water and acids, and is neither fusible nor volatile, even at 
the highest temperatures. Heated in ammonia gas it forms 
the nitride; and with vapour of carbon disulphide it pro- 
duces the disulphide. By fusion with alkalies or their car- 
bonates it pelds tantalates, the general formula of which is 
MgOTagOg. 

285. Tantalum Pentachloride, TaClg, is formed by heating 
the metal in chlorine gas, or by heating a mixture of the di- 
oxide and charcoal in chlorine. It forms a yellow crystalline 
mass; it melts at 21 1 '3®, and boils at 241 '6° under a pressure 
of J53 mm. It is slowly decomposed by water; more rapidly 
in presence of ammonia. 

Bromine forms a similar compound. # 

286. Tantalum Pluoride, TaFg, is formed by dissolving 
tantalic acid in aqueous hydrofluoric acid. When mixed 
with alkaline fluorides it forms crystallisable double salts, 
termed fluotantalateSy of the general formula M^a,2'P,j» 
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Tantalum resembles niobium in its reactions. Before the 
blowpipe niobic oxide gives, with microcosmic salt, a colour- 
less bead in the oxidising flame, becoming purple or blue in 
the reducing flame, and changing to blood-red on the addition 
of a trace of a ferrous salt. This reaction is not given by 
oxides of tantalum. The soluble niobates give, with hydro- 
chloric acid, a white precipitate insoluble in excess : with the 
tantalates this acid gives a similar precipitate, soluble in 
excess ; potassium ferrocyanide gives a red precipitate with 
the niobates and a yellow precipitate with the tantalates : with 
potassium ferricyanide the precipitate formed by the niobates 
has a bright yellow colour : with the tantalates it is white. 
Infusion of ^Is gives an orange-red precipitate with the 
niobates and a light-yellow precipitate with the tantalates. 



287. Vanadium— Symbol V; atomic weight 51-3.— This 
element was discovered by Sefstrom in 1830, in the metallic 
iron and refinery slags obtained fcoux ^i^a^ ^-sh^^c^^ \s5s^ 
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ores. It iH found associated with lead, zinc, and copper as 
vanadate, or sometimes as phosphate of vanadium'. Certain 
clajs also appear to contain small quantities of vanadium, 
and it has been met with in meteorites. The metal is ob- 
tamed as a crystalline powder of a silver-white lustre, by 
heating the dichloride m a stream of hydrogen gas. Its 
specific gravity is 5*5. When heated in oxygen it takes fire 
and forms the pentoxide VoO^^. It ignites in chlorine, form- 
ing the tetrachloride; anu when heated in nitrogen it is 
converted into the mononitride. It is not attacked by hydro- 
cliloric acid; strong sulphuric acid, when heated, dissolves 
it to a yellow liquid, and nitric acid rapidly oxidises it, form- 
ing a deep blue solution. 

Vanadium forms five oxides, analogous in composition to 
the oxides of nitrogen. 

288. Vanatium Monoxide, Yfi, is formed by the gradual 
oxidation of the metal. It is a brown powder, which gnv- 
dually passes into the higher oxides on exposure to air. 

The diozidei yfi2f ^^'^7 ^ obtained by the action of potas- 
sium upon the higher oxides ; or, in solution, by the action 
of nascent hydrogen evolved on dissolving zinc, cadmium, 
or sodium-amalgam, in a solution of vanadium pentoxide in 
sulphuric acid. The light-yellow solution of the pentoxide, 
utiuor the reducing action of the hydrogen fiame, passes 
through various shades of blue and green, and ultimately 
acquires a lavender tint. This solution of the dioxide is 
exceedingly unstable ; it rapidly absorbs oxygen from the air, 
and dischargoH vegetable colours as quickly as chlorine. 

The trioxidCi V^O^, is prepared by heating the pentoxide 
in hydrogen, or by reduction with charcoal. It is a black 
powder, which gradually absorbs oxygen from the air passing 
'into the tetroxido; if gently heated it glows, and is con- 
verted into the pentoxide. It is insoluble in acids, but may 
b(3 obtained in solution by the action of nascent hydrogen, 
evolved by means of magnesium, upon a solution of tho 
pentoxide in sulphuric acid. Its salts in solution have a 
green colour. 

Tho tetrozide, or hypovanadic ozidOi YgO^, is a dark- 

/pven amorphous powder, and is easily obtained in solution, 

iorming a dfoop bluo liquid, by ^e T^^\xs&£k% ^tion of oxalic 
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acid, or salphurons acid upon ihe sulphuric acid solution of 
the pentoxide. On the addition of sodium carbonate the 
hydrate, Y^O^THjO, is obtained as a black amorphous mass. 
The oxide in solution acts as a feeble acid, giving rise to a 
series of unstable salts termed hypovanadates. It also com- 
bines with acid radicles. The solution of the oxide in sul- 
phuric acid, when evaporated to a syrup and mixed with 
strong oil of vitriol, yields a vanadic sulphate of a pale-blue 
colour of the formula V2^^.3S03.6H20. A number of other 
sulphates of a similar character have been obtained. 

The pentOzidOy VjO^, the highest oxide and best known 
member of the series, is obtained by ihe action of nitric add 
upon the lower oxides. It may also be prepared by igniting 
ammonium vanadate, or by the action of water upon vanadyl 
trichloride. The latter process yields it as a reddish-yellow 
or brown powder : on heating it readily fuses to a d£urk-red 
liquid, which g^ows on cooling, forming, when pure, a highly 
crystalline mass. The oxide is but slightly soluble in water : 
it dissolves in the strong acids, forming yellow solutions. 

Yanadic acid gives rise to a series of salts analogous to 
the phosphates. Many of these occur native, e,g., vanadi- 
nite, a combination of orthovanadate of lead with chloride of 
lead, 3(Pb3VOJ.PbCl2, corresponding to pyromarpkUef 
3(Pb3PO.).PbCl^ and mimeUnte, 3(Pb3AsO^.)PbCl2 ; it may 
be formed artificially by melting a mixture of lead oxide, lead 
chloride, and vanadium pentoxide, beneath a flux of common 
salt. The mineral desdoizUe is a diplumbic vanadate, 
I^^2^2^7> analogous to lead pyrophosphate. Lead metavan- 
date also occura native, as dechentte, IBhfyO^^ Pucheriie^ 
BiVO^ is found in Saxony, and occurs in reddish-brown 
rhombio crystals. 

Roscoelite is a oompound of aluminium vanadate and potas* 
slum silicate of the formula 

2(A|,0,.V,0,).2K,0.9SiOrH,0. 
It occura in California in foliated talc-like masses of a greenish- 
grey colour. 

MoUrctmite is found as a thin crystalline incrustation of a 
black colour on the keuper sandstone of Cheshire; its com- 
position may be expressed by the formula 

(PbCu),V,08.2(PbCuV^OB^,> 
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analogous to that of dUtydrite, Cu3P20g.2Cu(OH)2, and of 
erinite, Cu«Afl20o.2Cu(OH)«. 
Ammonium HetavanarOate, NH^YOg, is a sparingly 

soluble crystalline salt formed by adding excess of ammonia 
to solutions containing the vanadates of potash or soda. On 
ignition, it leaves pure vanadic acid. It is worthy of note 
that the soluble vanadates of the three classes, meta-, ortho-, 
and pyro-, exhibit an order of stability which is the reverse 
of that of the corresponding phosphates, the metavanadates 
being the most stable in solution, and the ortho- salts the 
least stable. 

The vanadates of thallium have been more particularly 
studied by Camelley, who has obtained the following com- 
pounds : — 

.OrthoranadAia 
.Pyrovaiuulato 
.^- vanadate 
OTijU.o vaUjsTiyVinUgi . . y-ranadata 
6Tlfl0.6yS05=12TlvOa. . . . Metavanadato 
6Tla0.rN^B=Tli3Vx404i . . J-vanadate 

/J-sodium vanadate or octovanadate, NajgVgOgg, corresponding 
to Fleitmann and Henneberg's sodium phosphate (1), (see 
p. 379, Vol. I.), is a white crystalline mass difficultly soluble 
in cold water. The corresponding silver compound is a dark 
yellow crystalline powder almost insoluble in water. 

289. Metavanaidic Acid, HYOg, is formed in beautiful 
golden scales by adding a solution of ammonium vanadate to 
a saturated solution of copper sulphate mixed with a solution 
of ammonium chloride and heating to 75®. It is highly 
hygroscopic, and, when heated, loses water, and is converted 
into the pentoxide. 

290. Vanadium combines with chlorine to form three 
chlorides, VClg, VOL, VCl^. 

The diohloride, vClg or VgCL, is a bright-green powder 
formed by passing the vapour of tne tetrachloride mixed with 
hydrogen through a red-hot tube. By the prolonged action 
of the hydrogen it is reduced to metallic vanadium. It is 
hygroscopic, and dissolves in water, forming a lavender- 
coloured solution. 

The trichloride, VCI3, is formed by the spontaneous de- 
compoaition of the tetracliloriAe. It forms purple-coloured 



•VANADYL DIBROMIDE. 305 

sliining crystals, whicli deliquesce on exposure to moist air, 
producing a brown liquid which, on the addition of a drop of 
hydrochloric acid, turns green. 

The tetrachloride is produced by the action of chlorine 
upon metallic' vanadium or upon the mononitride. It is a 
reddish-brown liquid of specific gravity 1'858, boiling at 154°, 
with partial decomposition into' the trichloride and free 
chlorine. The tetrachloride is decomposed by water with 
the formation of a blue solution containing h3rpovaiiadio 
chloride, V2O4CL. 

Vanadyl Trichloride, VOCI3, is best prepared by the , 
action of chlorine upon the trioxide: 

- SVfis + 6C1 J = 4VOCI3 + VgOj- 

It is also obtained, mixed with more or less vanadium tetra- 
chloride, by heating a mixture of the pentoxide and charcoal 
in a stream of chlorine. It is a light-yellow liquid of specific 
gravity 1 "86527 at 0^, compared with water at 4®, and boils 
at 127-2. It fumes strongly in moist air with the formation 
of a reddish cloud of. vanadic acid, and is decomposed by 
water with the production of hydrochloric and vanadic acids. 

Vanadyl Bichloride, VOClg or VgOgCl^, is a light-green 
crystalline body of specific gravity 2*88, formed by the action 
of zinc upon vanadyl trichloride at a high temperature. 

Vanadyl Monochloride, VOCl or YgOgClg, is a brown solid 
substance formed, together with the preceding substance, by 
passing a mixture of the trichloride and hydrogen through a 
red-hot tube. 

Divanadyl Monochloride, ^2^2^^ °^ ^40^012, is formed 
by the prolonged action of hydrogen upon the preceding 
compounds. It is a shining metalUc powder, having the 
appearance of mosaic gold. 

291. Vanadium Tribromide, VBrg, is a black amorphous 
body formed by passing bromine vapour over the heated 
mononitride. It is exceedingly imstable, decomposing even 
at ordinary temperatures. 

Vanadyl Tribromide, VOBrg, is formed by the action of 
bromine upon the trioxide. It is a dark-red liquid which 
decomposes on boiling at the ordinary pressiu'e into bT:<^\fiMJiS5i^ 
and under the atmospheric preasvitft Ya\.o 

Vanadyl Dibromide, VOBr^ w^ g^O ^x ^, ^^^c^«^^^s^^'^^ 
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solid, which deliquesces on exposure to air, forming a blue 
liquid. 

292. Vanadium Tetrasulphide, Y^S^, is a black solid 
formed by heating the tetroxide in sulphuretted hydrogen. 
It is insoluble in hydrochloric and sulphuric acids and in 
solutions of the alkaline sulphides. It burns when heated in 
the air, forming vanadium pentoxide and sulphur dioxide. 
It is obtained as a hydrate by adding hydrochloric acid to a 
solution of a salt of the tetroxide in an alkaline monosulphide. 

Vanadium Pentasnlphide, Y2S5, is formed as a hydrate 
by adding hydrochloric acid to a solution of vanadic acid in 
an alkaline monosulphide. It is a dark-brown powder which 
dissolves in aqueous solutions of alkaline hydrates, carbonates, 
and sulphides, with the formation of reddish-brown solutions. 

293. Vanadiom Mononitride, YN, is obtained by decom- 
posing vanadyl trichloride by ammonia gas and strongly 
heating the saline mass, or by igniting ammonium metavana- 
date, or the dichloride, or the trioxide, in a current of am- 
monia gas. It is a greyish-white powder, and is permanent 
in the air. 

The dinitride, YN„ or Y-N^ is a black powder formed by 
heating the white saline mixture obtained by the action of 
ammonia upon vanadyl trichloride to a moderately high tem- 
perature. 

Compounds of vanadium give a bright-green colour to 
borax or microcosmic salt in the reducing area of the non- 
luminous flame. 

Solutions of hypovanadic oxide have a blue colour. On 
the addition of potash or its carbonate, a greyish-white pre- 
cipitate of the hydrated tetroxide is formed, which is dissolved 
on cautiously adding the alkali : on the addition of a large 
excess of the precipitant the dark-brown solution deposits 
potassium hypovanadate, (Y204)2K20.7H20, in reddish-brown 
crystalline s(^es. Ammonia behaves in a similar manner. 
Ammonium sulphide forms a dark-brown precipitate, soluble 
in excess. Tincture of galls gives a black liquid, due to the 
formation of a finely-divided gallo-tannate. 

The vanadates are sparingly soluble in water : on the ad- 
dition of an acid their solutions acquire an orange-red colour. 
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which changes to blue on treatment with gxslUc add or 
sulphur dioxide. Chromic acid, which is the only other add 
forming an orange solution, becomes green on reduction with 
the same reagents. Yanadic pentoxide may be further distin- 
guished from chromic add by the formation of a dark-red 
colour when its solution is agitated with an ethereal solution 
of hydrogen dioxida 



CHAPTER X, 
GROUP VI.— HEXAD METALS. 

MOLTBDBNUM. CHBOMIUir. 

Tungsten. Manoanxse. 

UaANiXTM. Ibon. 

BU T HJCHIUI L 
OSMIUlf. 

MoLTBDEKUM, tungsten, and uranium, together constitute a 
well-defined group. The atomic value of tungsten is indicated 
by its hexchloride, dioxychloride, and trioxide. Molybdenum 
and uranium form analogous oxychlorides and trioxides but 
no hexchlorides. Tungsten and molybdenum each form a 
pentachloride, MCI5 : these compounds may be volatilised 
unchanged, and afford normal vapour densities. Uranium 
also appears to form a similar chloride, but its exact mole- 
cular weight is unknown, as it cannot be vapourised j from 
the general analogy of uranium to molybdenum and tungsten 
its formula is presumably UCI5. The significance of the 
existence of these anomalous compounds has been' already 
referred to ; they seem to indicate that the elements cannot 
be rigidly divid^ into groups of odd and even atomic values. 
The atomic weight of uranium was formerly assumed to be 
half the value now adopted : its analogies to tungsten and 
molybdenum are, however, inexplicable if the lower value be 
taken. The question of the exact value can only be finally 
settled by a determination of the specific heat of uranium. 

The atomidty of chromium is indicated by the hexfluoride, 
CrF^, the chromyl dichloridOy OrO^Cl2, and tiie trioxide. ThQ 
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following compounds may be supposed to contain liexadio 
chromium : — 



O 

II 
a— Or— CI 

II 
o 

Ghromyl Bichloride. 



II 
KO— Cr— OK 

II 


Dipotassium Chromate. 



II II II 

KO— Cr— 0— Or— 0— Cr— OK 

II II II 



Dipotassium Trichromate. 

O 



O 

II 
a— Or-OK 

II 

o 

Potassium Ghlorochromate. 

O 

II II 

KO— Cr— 0— Cr— OK 

II II 

o o 

Dipotassium Dichromate. 



II II II 
CI— Or— Or— Or— CI 

II II II 



Trichromyl Dichloride. 



O 

II II 
HO— O— Cr— Cr— 0-OH 

II II 

O 

Perchromic Acid. 



In many of its compounds, however, chromium behaves as 
a tetrad; as, for example, in chromic chloride, CrgClg, in the 
chromic oxides, Cr203, CrjO^ and CrOg, and in the analogous 
sulphides : 



CI CI 

Cl_Cr— Cr— CI 

I I 

CI a 

Chromic Chloride. 
^Cr=0 

Trichromio Tetrozide. 



0=Cr=0 . 
Chromium Dioxide. 



Xr=0 
0< I 
>^Cr=0 

Dichromic Trioxide, 
yCr=0 

yFe 

^c!r=0 



Chrome Iron-ore. 

<Cr=S 

Dichromic Trisulphide. 
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The evidence of the hexadicity of manganese and iron 
mainly rests upon their analogy to chromium. The man- 
ganates are isomorphous with the chromates, and a hex- 
fluoride of manganese is supposed to exist. In many of their 
combinations these elements, like chromium, are distinctly 
tetradic. 

The following formulsB exhibit the different atomic values 
of manganese : — 



a Cl 



a 



-:L-^ 



I 

Cl 



Mn— Cl 



Manganic Chloride. 

NMn=0 
Braunite. 



O 

II 
KO—Mn— OK 

H 


Dipotassium Manganate. 



/Mn=0 

0< I 

>Mii 

o/ I 

^Mn=0 
Haosmannite. 



HO— Mn=0 



n 



HO— Mn=0 
FsDomelane. 



O O 

II II 
0=Mn— Mii=0 



i i 



OK OK 
Dipotassium Permanganate. 



The corresponding compounds of iron may be represented 
by simUar formulae. 

Ruthenium and osmium form tetroxides of the formulad 
OSO4 ^^^ I^uO^, or OsgOg and KU2O3 : these compounds are 
interesting from the fact that they are the only tetroxides 
(octoxides) known. Both metals also form trioxides, which, 
however, exist only in combination in the rutheniates and 
osmiates, compounds of the general formulae M^ItuO^ and 
M2OSO4. 

Many of the derivatives of these metals are apparently 
best represented on the assumption that ruthenium and 
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osmiam are hexads^ aa represented in the following 
formula: — 



0-08=0 

II 
0=Ofl=0 



Osmiam Dioxide. 

III 
Oi^Cla 

Osmium Trichloride* 

a 

H I H 

H— N=08=N-H 

H I H 

CI 

Osmammonium Chloride. 



Osmium Tetroxida 





II 
KO— Os— OK 

II 


Potassium Osmiate. 



0=N=OjeOs=N=0 

0^ Y 



0^ 
Osmiamio Acid. 



The analogous ruthenium compounds may be represented 
in a similar manner. But, as in the case of the other elements 
of this group, osmium and ruthenium also appear to behave 
as tetrads in many of their compounds. 



294. Molybdenum — Symbol Mo; atomic weight 96. — ^Tlila 
telement was discovered by Scheele in 1778. It is found 
principally as the sulphide or molybdenite, and as lead molyb- 
date or vmlfenite. The metal is obtained by heating its 
oxides or certain molybdates with charcoal or potassium 
cyanide; when fused it has a silvery-white lustre and is 
exceedingly hard ; its specific gravity is about 8* 6. At ordi- 
nary temperatures it suffers no change on exposure to air, but 
when heated it is oxidised, acquiring first a yellow and then 
a blue tamisL At a high temperature it becomes incan- 
descent and is converted into the trioxide. By fusion with, 
nitre it forms potassium molybdate; it decomposes steam at a 
high temperature, and is dissolved by chlorine water. Molyb- 
denum alloys readily with other metals: the <* bears" or 
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metfdlic masses occasionally found in the hearths of copper 
furnaces are offcen chiefly composed of a molybdide of iron. 

295. Molybdenum forms three oxides, M02O3, MoC^ and 
M0O3. The two latter bodies combine together to form oxides 
which may be regarded as molybdenum molybdates. 

The sesqniozide is a black powder which is rapidly oxidised 
by exposure to air; when hydrated, }t dissolves in acids^ 
forming black or dark-purple, and nearly opaque, solutions. 

The dioxide is formed by reducing the trioxide in hydrogen 
at a low temperature. As thus prepared it is a reddish-brown 
powder which resists the action of the strongest acids. It 
may be obtained in lustrous violet crystals by fusing sodium 
molybdate with zinc, and treating the mass, when cold, with 
caustic potash and hydrochloric acid. When strongly heated, 
both forms of the oxide are converted into the trioxide. 
The hydrated dioxide, obtained by adding excess of ammonia 
to a salt of molybdenum, is a brownish-red flocculent precipi- 
tate which bears a strong resemblance to ferric hydrate. It 
is insoluble in potash solution, but dissolves readily in a 
solution of the acid carbonate of potassium; it is also dightly 
soluble in water. 

The trioxide is occasionally found native as molyhdin or 
molybdenum ochre. It is readily obtained by roasting the 
native sulphide in air; or by treating lead molybdate with 
sulphuric acid, Altering, and evaporating the filtrate to dry- 
ness after the addition of nitric acid. It is a white powder 
of specific gravity 3*49 ; it melts at a red heat, and forms on 
cooling a straw-coloured ciystalline mas& When heated in 
a stream of air it sublimes and condenses in thin colourless 
plates. It is but slightly soluble in water ; but when a solu- 
tion of sodium mplybdate, mixed with excess of hydrochloric 
acid, is subjected to dialysis a solution of the true molybdic 
aci& is obtained of a yellow colour and add reaction, and 
capable of expelling carbon dioxide from alkaline carbonates. 
A solution of the acid may also be made by decomposing 
precipitated barium molybdate by an equivalent quantity ot 
sulphuric acid. On evaporating the solution in vacuo 
molybdic acid is obtained as a transparent bluish-green mass, 
which parts with its water on heating, and is converted into 
the trioxide. Molybdic add combines with bases in many 
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proportions to form salts. The following classes have been 
described: — 

Monomolybdates, RO.MoO* ' 

Dimolybdates, RO.2M0O3 

h Molybdates, SRO.TMoO, 

TrimolybdateB, llCSMoOj 

Totramolybdatos, R0.4MoO, 

0<rt»molybdateB, RO.8M0O, 

Decamolybdatefl, RO.lOMoOj 

Hexdeoamolybdates, RO.I6M0O3. 

where B signifies 2 atoms of a monad or 1 atom of a dyad 
metal. 

The most important salts are the ammonium molybdates 
(NHJjMoO,; (NH,)20.3MoO, + H,0; and NH^ jj^,q . 

H j * 

and lead molybdate, PbMoO^, which occurs native, as yellow 
lead ore or wuffenite. 

When ammonium molybdate is added to a solution of 
phosphoric acid, or a tribasic phosphate, a bright-yellow pre- 
cipitate is formed, usuallv consisting of P2O5.20MoO8 + Aq 
(Debray), and termed pbospho-molybdic acid. The pro- 
portion of the molybdic acid is subject to variation, a com- 
pound containing only one-fourth of the above quantity of 
molybdic acid being also known. The formation of this 
yellow precipitate is occasionally employed as a test for phos- 
phoric acid. Arsenic and silicic acids give similar precipitates; 
hence the reaction is only applicable to the detection of 
phosphoric acid in the absence of these compounds. 

296. Molybdenum Diohloride, MoCl^ or Mo^Ol^, is an 
amorphous powd(jr of a yellow colour, obtained by heating 
tlu) metal in chlorine gas. It dissolves in strong hydrochloric 
acid, and may be obtained from the solution in crystals of 
tlie formula MonCl^.SHgO. 

The trichloride, M0CI3 or Mo^Clg, is a crystalline red 
powder, formed by passing the tetrachloride mixed with 
hydrogen through a red-hot tube. Heated in a stream of 
carbon dioxide it is resolved into the di- and tetra-chlorides. 

Mo.Clfl^MoClj+MoCl^. 

The tetrachloride, M0CI4, is also formed by heating 
luolybdonum in an exccHB of c\i\oicmQ ; v\» ia Oi brownish-black 
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crystalline solid, somewhat i-esembling iodine. It is highly 
deliquescent, and dissolves in water with a considerable rise 
of temperature. 

The pentachloride, MoCl^, is a black crystalline mass 
which melts at a low temperature, and may be sublimed 
unchanged in an atmosphere of chlorine. It gives a brown- 
red vapour. When heated in the air it forms the dioxydi- 
chloride MoOgClgi it is a bright-yellow crystalline body, and 
is decomposed by water. Several other oxychlorides of molyb- 
denum are known. Similar combinations with bromine have 
been described. 

297. Molybdennm Disolphide, M0S2, occurs native as 
molybdenite or molybdenum glance : the mineral has a leaden- 
grey colour and high metallic lustre. It may be formed 
artificially as a black lustrous powder by igniting the trioxide 
with sulphur. It is readily converted into the trioxide by 
roasting in air. 

The trisnlphide, M0S3, is formed by passing sulphuretted 
hydrogen through a solution of an alkaline molybdate and 
adding an acid. It is a dark-brown powder which dissolves 
in alkalies and alkaline monosulphides and sulphydrates, 
forming solutions containing alkaline solphomolybdates, 
M2M0S4. On boiling potassium sulphomolybdate with 
molybdenum trisulphide, sulphuretted hydrogen is evolved, 
and a precipitate is formed from which water extracts potas- 
sium persidphomolybdate as a red amorphous salt, consist- 
ing of K2M0S5 = K2S.M0S4. Similar compounds have been 
formed with the other alkalies and with the alkaline earths. 

Compounds of molybdenum impart to borax in the inner 
flame a dark-brown colour: in the outer flame the bead 
becomes yellow whilst hot and colourless when cold. To 
microcosmic salt they give a green colour in the inner flame. 

Molybdous salts in solution give the brownish-black molyb- 
dous sulphide, soluble in ammonium sulphydrate. The flxed 
alkalies give the dark-brown hydrate soluble in ammonium 
carbonate. 

Molybdic salts aflbrd reddish-brown solutions which become 
blue by oxidation. . The formation of this blue colour ma^ 
be used as a means of recogaifiang TKic\^\A<&'a»scu ^^^^c^s^ ^ss^s^ 
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stance suspected to contain this element is heated with a few 
drops of concentrated sulphuric acid upon platinum-foil. 
When cold, the mass (which should not be dry) is breathed 
upon; it becomes blue if molybdenum be present, owing to 
the formation of a sulphate which acquires this colour at 
a low temperature, and at a certain stage of dilution. 

Molybdic acid, in solution as a molybdate, is readily 
detected by the formation of hydrated molybdenum trisul- 
phide when the liquid is treated with sulphuretted hydrogen 
and hydrochloric acid. Stannous chloride forms a bluish- 
green precipitate, soluble in hydrochloiic acid, with the pro- 
duction of a green solution which changes to blue on the 
further addition of the tin chloride. 



298. Tungsten — Symbol W (Wolfram); atomic weight 
184. — ^This element was discovered by d'Elhujar in 1781. It 
is never found free in nature : its principal native compounds 
are wolfram,^ a tungstate of iron and manganese occurring in 
Cornwall and Saxony; calcium tungstate or scheelite, a 
mineral found principally in Saxony and Bohemia; and 
lead tungstate which occurs in Bohemia, Carinthia, and 
Chili The metal is obtained by reducing the trioxide^.in 
hydrogen, or by passing the vapour of tungstic chlovide 
mixed with hydrogen through a red-hot tube, or by pasiiing 
the vapour of the chloride over heated sodium. It is an in- 
fusible steel-grey crystalline powder of specific gravity 18*0; 
when heated in the air it bums, forming tungstic oxide. 
When mixed with other metals it forms exceedingly hard, 
infusible alloys. 

Tungsten unites with oxygen in three proportions to form 
the oxides WO2, WO3, and WgOg. The dioxide WOg or 
W2O4, is obtained as a brown powder by reducing the tri- 
oxide at a low red heat; or in copper-coloured scales, by treat- 
ing the trioxido with zinc and hydrochloric acid. A sodium 
tungstite, NagO, WgO^, is formed by saturating fused sodium 
tungstate with the trioxide, and heating the mass in hydrogen 
gaH. On washing out the imdecomposed sodium tungstate 
with water, the tungstite is obtained in metallic-looking 
scales closely resembling gold. 
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299. Tnngstic Triozide, WO3, occurs in nature as tungstic 
ochre, a yellowish mineral, fonnd in Cumberland and in the 
United States. It is readily obtained from native calcium 
tungstate, and from wolfram by digestion with hydrochloric 
add. It is a light-yellow powder, which may be obtained 
crystallised by strong ignition with borax, or by heating a 
mixture of sodium tungstate and carbonate in hydrochloric 
acid gas. It becomes denser when strongly heated; its 
specific gravity varies from 5*27 to 7*14, according to the 
mode of its preparation. It is insoluble in water and in 
acids. Its colour changes to green on exposure to light; 
when stron£^ly heated it becomes dark-orange. It is readily 
Induced onhLtmg with hydrogen or ch3j, yielding fiii 
the dioxide, and xdtimately ^e metal When heated in 
ammonia gas it yields tungBten-nitretamidiozide, SWNg. 
2W(NH2).2W03, a black powder not attacked by adds or 
alkalies. 

Tungstic trioxide dissolves in aqueous solutions of the 
alkalies, and forms salts termed tungstates, from which 
tungstic acid, HgWO^ is obtained as a yellow powder by 
addition of a dilute acid to the heated liquid. If the solu- 
tion of the alkaline tungstate be cold and dilute, the addi- 
Hoa of the mineral acid predpitaies tungstic dihydrate 
as a white gelatinous mass of the composition H^WO^. 
HoO. This substance occurs native as fneymadte, and is 
formed by the decomposition of scheelite. Two modifications 
of the add exist, viz., the ordinary tungstic acid, which is 
insoluble in water but soluble in concentrated adds, and 
which forms insoluble salts with all bases, except the alkalies; 
and metatnngstic acid, which dissolves in water, and forms 
soluble salts with the majority of the basic oxides. Meta- 
tnngstic add IS obtained by decomposing a concentrated 
solution of barium metatungstate, BaW^O^j, by sulphuric 
add. On concentrating the filtered solution a thick syrupy 
liquid is obtained, which deposits quadratic octahedrons of 
hydrated metatnngstic add, H2O.WO3.7H2O. The add is 
very soluble in water ; it has a strong bitter taste, and dis- 
solves zinc and iron with evolution of hydrogen and forma- 
tion of the blue oxide of tungsten. 

Oi-dinary tungstic acid forms add and neutral salts : the 
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general formula of the latter is MjWO^ ; that of the formeTi 
according to Laurent and Marignac, is 5M2O.i2WO3.xHoO. 
The most important- salt is the sodium tungstate, NajWO^. 
21X20, which is occasionally used as a mordant, and for 
rendering fabrics non-inflammable. Calcium tungstate, 
CaWO^, occurs native as achedite or twngaten (Swedish for 
heavy stone; in allusion to the high specific gravity, viz., 
6*1, of the mineral); it may be obtained artificially in 
crystals by fusing wolfram with calcium chloride. Ferroso- 
manganous tuugstate, (Fe : Mn)WO^, is found in nature as 
wolfram^ associated with tin ores and galena, in Cornwall, 
Cumberland, and in various parts of Scotland, Saxony, and 
Bohemia. Lead tungstate, FbWO^, is also found native as 
the mineral scheeletinef isomorphous with lead molybdate. 
None of the acid salts occurs native. 

The metatungstates possess the generic formula MgWO^. 
3WO3. The alkaline metatungstates are formed by boiling 
tungstic acid with solutions of the ordinary alkaline tung- 
states; the other metatimgstates may be obtained from 
the alkaline salts by double decomposition. They are generally 
soluble in water, and hence give no precipitates with salts of 
the heavy metals, with the exception of those of lead and 
mercury. Their acidulated solutions give no reaction with 
potassium ferrocyanide, whereas ordinary tungstates afford 
a brown fiocculent precipitate after addition of hydrochlorio 
acid. On treatment with zinc and hydrochloric acid they 
become at first blue and eventually purple ; ordinary tung- 
stic acid under similar circumstances gives a brown colour. 

A solution of tungstic acid in concentrated hydrochlorio 
acid affords a remarkable succession of colours on the gradual 
addition of small fragments of zinc. At first a fine blue is 
obtained, which gradually changes to violet and purple, then 
becomes crimson, then green, and eventually orange-brown. 
On adding ether to the liquid when crimson it changes to 
blue, and is rapidly decolourised. Metatungstic acid gives a 
similar series of colours, except that no crimson is pix>ducod. 
If the solution of the tungstate be mixed with an alkaline 
Bulphocyanate and dilute hydrochloric acid, and then treated 
with ziuc^ a deep green solution is obtained, which changes 
to purple, and ultimately to a \cy^ Aqc^ wai<^\*\i^^tvQa oolour. 
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A solution of metatungstic acid under similar conditions 
acquires a blue colour, which gradually changes to brown. 

A solution of metatungstic acid is occasionally used as a 
test for alkaloids, with the solutions of which it gives highly 
insoluble precipitates. A convenient way of preparing the 
test consists in adding phosphoric acid in excess to a solution 
of ordinary sodium tungstate. The solution thus obtained 
will detect 1 part of strychnine or quinine in 200,000 parts 
of water. 

When gelatinous silica is added to a hot solution of acid 
sodium tungstate, it is dissolved with formation of an alka- 
line silicotongstate. The solution gives, with mercurous 
nitrate, a heavy yellow precipitate of merourous silioo* 
tungstate, HggSiWjo0^2> which, by treatment with hydro- 
chloric acid, forms silicotongstic aoid, SiO2.i2WO3.4H2O. 
It is a strong acid, which decomposes carbonates and forms 
crystallisable salts, for the most part soluble in water, termed 
eilicotnngstates. An isomeric form of the acid is known 
and may be termed tongsto-Bilicic acid ; its salts are distin- 
guished from the corresponding silicotungstates by differences 
in crystalline form, amount of water of crystallization, and 
degree of solubility. An acid, termed silicodeoatangstic 
acid, of the composition SiO2l0WO3.4H2O, is known. It 
gives rise to a highly-soluble seiies of salts, characterised 
by the formation of a white precipitate with mercurous 
nitrate. 

300. Tungsten unites with chlorine in four proportions to 
form the compounds WClg, WCI5, WCL, and WClg, or 
W2CI4 : it also forms two oxychlorides of the composition 
WOCI4 and WO2CI2. 

Tungsten HexcUoride, WClg, is formed by the direct 
union of its elements, or by heating the sulphide or the oxide 
mixed with charcoal, in chlorine gas. It forms dark-violet 
crystals ; it melts at 275^ and boils at 346^ When pure it 
is permanent in the air, but rapidly deliquesces and is decom- 
posed if containing a trace of the oxychloride. It is decom- 
posed by water and alcohol, but is readily dissolved by 
carbon disulphide without change. At 350^ it gives a 
normal vapour density, but at a higher temperature it «ciSssrs. 
dissociation. When heated 'wWii ^sximsysixxxssk. ^s^^-^c^Ssa "^ 
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fonns tnngsten nitride, WN., and tungsten nitretamide, 

2W]Sr2W(NH«)2. 
Tungsten Pentaohloride, WCI5, is obtained in the form of 

black, shining, highly deliquescent needles by treating the 
preceding compound with hydrogen at a low temperature. It 
melts at 248° and boils at 275°-6. 

Tungsten Tetrachloride, WCl^, and Bichloride, WgCl^, 
are formed by still further abstracting the chlorine from the 
hexchloride. The former is a crystalline, greyish-brown, 
highly-deliquescent powder : the latter is a grey noncrys- 
talline solid. 

Tungsten Monoxyohloride, WOCl^, is prepared by passing 
the vapour of the hex- or penta-chloride, mixed with chlorine, 
over heated tungstic trioxide. It forms fine ruby-red crystals, 
which melt at 210^ and volatilise at 227°'5 without decom- 
position. 

Tungsten Dioxydichloride, WO^Cl^, is obtained by passing 
chlorine over heated tungsten dioxide. It forms a bright- 
yellow powder, which volatilises at 267^ 

Tungsten hexbromide, contrary to the statement of Riche, 
does not exist : the highest known bromide being the penta- 
bromide, which is a dark-coloured lustrous compound, gra- 
dually decomposing into WBr^ (?). On treating it with 
hydrogen the dibromide, WgBr^, is obtained. Oxybromides, 
corresponding to the oxychlorides, are known, and are 
obtained in a similar manner. 

301. Tungsten Disulphide, WSg, is formed by heating its 
elements together ; by passing vapour of carbon disulphide 
over ignited tungstic oxide; or by fusing acid potassium 
tungstate with sulphur and treating the fused mass with 
water. It forms black needle-shaped crystals, which oxidise 
when heated in air. 

Tungsten Trisulphide, WS3, is a dark-blue or black 
powder, formed by adding hydrochloric acid to a solution of 
timgstic trioxide in ammonium sulphide. It combines with 
the alkaline sulphides, forming sulphotungstates possessing 
the general formula MgWS^, corresponding to the neutral 
tungstates. 

Two combinations of phosphorus and tungsten are known, 
viz., WgP^ and W^P„. The latter is obtained crystallised in 
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lustrous hexagonal prisms of a steel-grey colour, by heating 
a mixture of tungstic and phosphoric oxides to a high tern- 
peratiu:e in a cnicible lined with charcoal. 

Compounds of tungsten give with microcosmic salt in the 
inner flame, a pale blue colour, which becomes blood-red in 
presence of an iron salt, but changes to a dark-blue on the 
addition of a stannous salt. 

The reactions of the soluble compounds of tungsten have 
already been given (see Tungstic Acid). The formation of 
the colours on the addition of zinc and hydrochloric acid 
is especially characteristic. Sodium hypos.ulphite, NagSOg, 
formed by the action of zinc upon solution of acid sodium 
sulphite, produces an intense blue colour, by means of which 
as little as 1 part of tungstic acid in 10,000 parts of solution 
may be detected (Mallet). 



802. Uranium— Symbol U; atomic weight 240.— The 
existence of this element was first indicated by Klaproth in 
1789. Its most abundant source is pitchblende^ an impure 
uranoso-uranic oxide, UO2.2UO3, found principally in Saxony 
and Cornwall. It occurs also as <a carbonate; as uraniumr 
vitriol; as a phosphate in uraniv/mrmica; and combined with 
niobium, tantalum, and titanium in the rare minerals sama/r- 
shite and euocenite. The metal is obtained by heating uranous 
chloride with sodium or potassium as a black powder, or 
as a reguline mass. To prepare it, a mixture of 75 
grams of uranium tetrachloride, 150 grams dry potassium 
chloride, and 50 grams of sodium in small pieces, is placed, 
in alternate layers, in a porcelain crucible, and the whole is 
covered with a layer of potassium chloride. The porcelain 
crucible is placed within a plumbago crucible, the interven- 
ing space being fiUed with charcoal powder, and is heated in 
a wind furnace. The reaction occurs at a red heat, and 
with great regularity; the uranium is found in the regulus. 
The specific gravity of the metal is 18*33. It slowly tarnishes 
on exposure to air, and becomes incandescent when heated, 
forming a dark-green oxide; when thrown into chlorine it 
takes Sre, forming uranous chloride^ UCl^. 
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808. TJranous Oxide, IJOg, is a brown powder formed by 
heating the uranoso-uranic oxide, or the nranio oxalate in 
hydrogen gas. On solution in acids it forms green-coloured 
uranous salts. 

Uranoso-uranic Oxide, UgOg or IJOg. 2TJ0g, is found 
native as pitchblende, and may be obtained artificially by 
heating the metal or the other oxides in air. It is a dark- 
green powder but little acted upon by dilute acids. It is 
used for producing a black colour on porcelain. 

Uranic Oxide, UOg, is a yellowish' powder, formed by 
igniting the nitrate. It may be obtained hydrated, forming 
the compounds UO3.4H2O and UO3.2H2O: the water cannot 
be completely expelled without decomposition of the oxide. 
Uranic oxide imites with basic metallic oxides, forming a series 
of yellow insoluble salts, termed uranates, which possess the 
general composition M JCTgOy, analogous to the acid chromates. 
The best known members are the sodium and ammonium 
salts, which are used to some extent as pigments, and for 
colouring glass. The mineral trogerite has the composition 
3U03.As20g.l2H20; urcmosphcerite has the formula BigOg, 
UO3.H2O. 

On mixing solutions of uranic nitrate, 1702^20^, and 
hydrogen dioxide a light-yellow precipitate of the formula 
UO4.2H2O is obtained. This substance appears to be a 
compound of uranic oxide, UO3, and a peroxide, UO^; thus 
UOe.2UO3.6H2O (Fairley). 

804. Uranium Pentacnloride, UCI5, is made by passing 
chlorine over a moderately-heated mixture of charcoal and 
any of the oxides of uranium : it forms long needle-shaped 
crystals, which are green by reflected and ruby-red by trans- 
mitted light. It is also obtained as a pale-brown light 
amorphous powder. The difference in appearance depends 
upon the rapidity of formation. Both modifications rapidly 
deliquesce to yellowish-green liquids, and are decompose 
by water with evolution of heat. The chloride cannot be 
volatilised without decomposition. 

Uranous Chloride, UCI4, is formed by the direct union 
of its elements; by heating uranous oxide in hydrochloric 
acid gas; or, together with the pentachloride, by passing 
chloiine over a strongly-heated mixture of the oxido and 
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cLarcoaL The cliloride forms a dai-k-green crystalline mass 
of a strong metallic lustre : on heating, it volatilises, giving 
a red vapour. It is extremely deliquescent, and dissolves in 
water with a considerable rise of temperatnra On boiling, the 
solution is decomposed, and uranous hydrate is precipitated. 
When heated in hydrogen gas it forms the subcfiloride, 
TJCI3, a dark-brown powder which dissolves in water forming 
a purple solution. 
Uranyl Chloride, or TTraninm Dioxydichloride, UOjOl^, 

is a yellow, crystalline, volatile solid, made by heating 
iiranous oxide in chlorine gas. It is soluble in water, and 
combines with alkaline chloiides to form double salts. Cor- 
i-esponding compounds of bromine, iodine, and fluorine, are 
known. The flnozynraiiates have the general formula 
MTJO^F^ corresponding to the fluoxymolybdates and fluoxy- 
tungstat^ 

305. TTranons Sulphide, TJS^, may be formed by the 
direct union of the metal and sulphur, or by heating uranous 
chloride in a stream of sulphuretted hydrogen. It is a greyish- 
black powder which becomes crystaJline on ignition out of 
contact with air. 

Uranons Ozysnlphide, TJ02,2US2, is formed by heating 
pitchblende to redness in vapour of carbon disulphide. 

Uranic Ozysnlphide, or Uranyl Snlphide, U02S(?), is said 
to be obtained by adding ammonium sulphide to a solution 

of nranic nitrate, UO22NO8.6H2O. 

Uranium compounds impart a greenish-yellow colour to 
borax or microcosmic salt in the outer flame; in the inner 
flame the colour changes to bnghi-green. 

Uranous salts afford green solutions from which ammonium 
sulphide throws down the black uranous sulphide. Caustic 
])otash or soda forms the reddish-brown nranous hydrate. 
Ammonium carbonate produces a green precipitate soluble 
in excesa Uranic salts form yellow solutions, which give 
a black precipitate of uranic sulphide with ammonium sul- 
phide : in the case of the nitrate, nranyl sulphide appears to 
be formed Potash produces a yellow precipitate of potas- 
sium nianate, K^UjO^ Potassinm ferrocyanide affords a 
reddish-brown precipitate. 

10—11. X 
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306. Chromium — Hymhol Cr; atomic weight 521. — ^Tho 
principal naturally-occiming compound of this clement ia 
chrome ironstone (FeOCrgOg), which occurs massive in Silesia, 
Hungary, Norway, Siberia, Asia Minor, and North America. 
It is isomorj>hous with magnetic oxide of iron; it has a 
brownish-black colour and sub-metallic lustre. Other natiye 
compounds of chromium are chrome ochre, a yellowish- 
green earthy deposit, found in the Shetland Isles and in 
various parts of Franco and Sweden; and in crocoisite and 
chroitCf lead chromates, of an orange or yellow colouri 
found in Brazil and in the Uml . A chroniato of lead and copper 
termed va'nquelinite, aftor the French chemist Vauquelin, who 
discovered chromium in 1797, is occasional lyfoimd associated 
with crocoisite. The colour of the omorald, of green serpen- 
tine, olivin, etc., is duo to the iirescnco of wmall quantities of 
chromium. The metal is obtfiined by strong ignition of 
the sesquioxido with charcoal, or by heating chromic chloride 
with zinc or potassium. It has a steel-grey colour, and is 
exceedingly hard; its specific gravity is about 6. 

807. Chromium Monoxide, CrO, is obtained as a hydrate by 
the action of potash solution on the dichloride. When moist 
it is yellow, but on drying its colour changes to brown; it is 
exceedingly unstable, and when ignited is transformed into 
the sesquioxide with the evolution of hydrogen. 

Chromic Oxide or Chromium Sesquioxide, Cr^Og, is formed 
by the oxidation of the metal or the monoxide in air, or by 
the decomposition of certain chromates, and of chromic anhy- 
dride. Thus, if mercurous chromate be heated in a covered 
porcelain crucible, oxygen and mercury are expelled, and 
pure chromic oxide, of a fine green colour, is obtained This 
substance is also obtained as a bulky amorphous powder, 
of a dull-green colour, by igniting the acid ammonium chro- 
mate. It may be procured in rhombohedral crystals, of a 
dark-green colour and as hard as corundum, by passing the 
vapour of chromyl dichloride, OrOgClg, through a red-hot 
tube. It may be obtained as a bluish-green hydrate by adding 
caustic s^ida or potash to a solution of a green or violet 
chromium salt; it dissolves in excess of solution of potash 
in the cold, but on boiling it is rcprecipitated; ammonia pro- 
duces the same precipitate, which has either a greyish-green 
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or gi*eyisli-blue colour, according as tlie cliromic salt from 
which it is derived is green or violet. Both precipitates dis- 
solve in excess of cold ammonia with a purple colour. The 
state of hydration of the precipitates appears to vary with 
the temperature and degree of concentration of the solutions. 
Chromium sesquioxide is used as a pigment, under the 
name of chrome or ernerald green. It is chiefly employed 
in porcelain painting, and in the manufacture of glass and 
enamel. A very brilliant colour is obtained by igniting 
a mixture of boric oxide and acid potassium chromate, and 
treating the fused mass with water. Another form of chrome 
green may be obtained by heating a mixture of calcium phos- 
phate and potassium bichromate with sugar. 

Chromium Dioxide or Chromium Chromate, CrO^ or 

CrgOg.CrOg, is a dark-brown hygroscopic powder obtained by 
partial reduction of the trioxide or the chromic nitrate. It 
is most easily prepared by passing nitric oxide into dilute 
solutions of potassium dichromate. 

Chromium Trioxide, CrOg, may be formed by the action 
of sulphuric acid upon a chromate. The barium or lead 
chromates, when boiled with this acid, yield chromic acid 
and insoluble lead or barium sulphates. It is also readily 
prepared by the addition of sulphuric acid to a solution of 
acid potassium chromate; at a certain stage of concentration 
the sparingly-soluble potassium sulphate crystallises, and on 
further evaporation the trioxide separates out in scarlet 
crystals. It deliquesces on exposure to air and is readily 
soluble in water; a saturated solution contains about 62 
per cent, of the oxide. Chromium trioxide has a specific 
gravity of 2-788; it melts at 190°(?), and decomposes at 250°, 
forming first the dioxide and eventually the sesquioxide. It 
is one of the most powerful oxidising agents known. It 
sets fire to warm absolute alcohol, and becomes incandescent 
in a mixture of alcohol and bisulphide of carbon vapours. It 
is, however, soluble in ether without decomposition. Am- 
monia gas is rapidly oxidised to water and nitrogen with 
formation of the sesquioxide, the trioxide becoming red-hot 
from the energy of the reaction. A moderately-diluted 
aqueous solution of the oxide acts more gradually, and is 
frequently employed in the laboratory as an oxidising agent. 
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'Jlin trioxido in also ro(liic(Kl by tho action of sulphur dioxide, 
Bulpliuretfcod hydrogen, and nascent hydrogen. 

The chroniat(!S an; an important class of salts, and several 
of them are used to a considerable extent in the aiis. They 
are generally iHomoq)hous with the corresponding sulphates. 
Tho bcHt known of the series are the potassium, lead, and 
zinc chromates, which are used in calico printing, and in the 
manufacture of pigments. 

Potassium Biohromate, K^firfij, is made on the large 
scale by roasting a mixture of finely-powdered chrome iron- 
stone with potassium carbonate and lime in a reverberatory 
furnace. Tho addition of the lime is necessary to prevent 
the mass fusing, as in that case the heavy chrome-ore would 
sink to the bottom, and would be veiy slowly acted upon. 
The reaction is as follows : — 

2FoOCr,()3 + 3K,003 4 CaO + 70 = SK.CrO^ + CaCr04 + Fe^Og + 3C0,. 

Tho roasted mass is lixiviated with water, and treated with 
])()taHHium sulpliaie, in order to decompose the calcium 
chromato : 

OaCr04 + Kaa04 = Caa04 + K,Cr04. 

1'ho Holuiion is allowed to clarify by standing, and is mixed 
with sulphuric acid ; 

2 K,Cr04 + ir,R04 = K,S04 + Kfir fij + H,0. 

The greater ))orti()n of tho bichromate rapidly separates out 
and is ])urifiod by recrystallization. The mother liquors con- 
taining the pobasHium sulphate are employed in the treatment 
of fresh roasted ore. 

PotaHsium bichromate forms largo bright garnet-red tri- 
clinio crystalH. It melts below a i^ed heat and crystallises on 
solidifying. At a very high tempemturo it evolves oxygon 
and forms a mixtutH) of the normal chromate and the sesqui- 
oxide. 100 parts of water at 0° dissolve 4*6 jiarts of tho salt; 
at 10^ 74 parts; at 20^ 12'4 parts; and at 100^ 94-1 parts ; 
a saturated solution boils at 103*4^ 

A potftsaium sulphato-ohromate, KaSO^.CrOj or 



II II 

KO-Cr-O-S-KO 

II II 





POTASSIUH. 



329 



i,e,, potassium bichromate in which a portion of the chromyl 
(CrOg) is replaced by snlphuiyl (SOg) may be prepared by 
mixing sulphuric acid with potassium bichromate. Indeed, 
the two radicles form a considerable number of analogous 
derivatives as will be evident from the following formulae : — 



CrO,{« 
Chromyl Dichloridc 

CrOj{oK 
Potassium Monochromate. 

CrOjjOK 

CrOjjOK 

Potassiom Anhydrochromate. 
(Potassium Bichromate.) 

Potassium Amidocnromatc. 

(CI 
CrOJo 
(Ba 

Cr0/|gi 

Barium d^orochromate. 



Sulphuryl Dichloridc. 

Potassium Monosulphate. 

SOJOK 

SOjjOK 
Potassium Anhydrosulphatc 

Potassium Amidosulphate. 

so, 1 ^ 

(Ba 

SO Jo 

(CI 



Barium d^hlorosulphate. 

The neutral or normal potassium chromate, K.CrO. or 

{OK 
^j^, is a pale-yellow salt isomorphous with potassium 

sulphate, readily soluble in water^ with the formation of a 
bright-yellow solution. 

When the dichromate is heated with strong nitric acid it 

{OK. 
I^Q .CrOy Treated 

with chromic acid the dichromate yields a terchromate of the 
composition KjCrgOjQ. With strong hydrochloric acid it 

{OK 
Qj , crystal- 
lising in long needles. Similar compounds are formed by the 
chlorides of calcium, barium, and magnesium. 

On treating the chlorochromate with ammonia gas, am- 
monium chloride is formed^ together with a salt of the com- 
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i CrOgOK 
position < Cr02 • A corresponding ammonium salt is also 

( Cr020K 
known. 

Bj the action of ammonia gas upon the chlorochromate in 

r OK. 

presence of ether, potassium amidochromate; CrO^ K ^^ , 

is produced. 

Normal Lead Chromate, PbCrO^, is formed as a bright- 
yellow powder, known in the arts as chrome yellow, by the 
addition of a soluble salt of lead to a solution of an alludine 
chromate. In calico printing the colour is formed directly 
on the fabric by first steeping it in a solution of a salt of lead 
and then in that of a chromate. A diplumbic chromatei 
2PbO.CrOg, of a deep-orange or red colour, and known in 
commerce as chromM'ed, is foimed by fusing the normal 
chromate with nitre. This colour may be produced on calico 
by steeping the fabric dyed with chrome yellow in boiling 
lime-water. 

Normal lead chromate is occasionally used instead of 
cupric oxide in organic analysis. It is decomposed by boil- 
ing with strong nitric acid with the formation of lead nitrate 
and chromic acid, but on the addition of water the lead 
chromate is reproduced. 

308. Chromous Chloride, CrClg or CrgCl^, is a white crys- 
talline substance obtained by passing hydrogen over gently- 
heated chromic chloride, or by heating a mixture of chromic 
oxide and charcoal in chlorine gas. It is soluble in water, 
and forms a blue solution which becomes green on exposure 
to air. Ammonia gives a light-blue precipitate which changes 
to green in contact with air. If sal-ammoniac be added to 
the liquid and then ammonia, the blue colour gradually 
changes to red. Chromous chloride is a powerful reducing 
agent ; it precipitates gold from its solutions, forms cuprous 
oxide with cui)ric compounds, and calomel with corrosive 
sublimate. 

Chromic Chloride, CrgCl^, is obtained in shining scales of 
a beautiful purple or peach-blossom colour by heating a mix- 
ture of the sesquioxide and charcoal in a rapid stream of 
chlorine. When pure it is absolutely insoluble in cold water, 
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but if it contains even a trace of chromous chloride, which is 
apt to be formed if the chlorine has not been present in 
sufficient excess, it dissolves immediately, forming a green 
solution. The purple-coloured chromic chloride is a body of 
great stability: it may be boiled with any of the strong 
mineral acids without decomposition. Hydrogen reduces it 
on heating to chromous chloride, and if the heat be sufficiently 
intense the metal is formed. It is oxidised to sesquioxide on 
heating to redness in the air, chlorine being evolved. With 
hydrogen phosphide it forms chrominin phosphide, GrP, a 
black crystalline powder; ignited in ammonia, it yields the 
nitride as a brown powder of unknown composition. 

Chromic hydrate is soluble in hydrochloric acid and forms 
a green solution of chromic chloride, which, on evaporation 
in a vacuum, yields green crystals of the composition Cr^ClQ. 
2HoO. On heating in hydrochloric acid or in chlorine to 
250 this compoimd parts with its water and turns purple, 
but the salt is still soluble in water ; if, however, the tem- 
perature be raised until the chloride sublimes, it becomes 
insoluble. If the green solution of chromic chloride be 
evaporated to dryness, and the dried mass heated, a number 
of oxychlorides are formed, the composition of which varies 
with the temperature of their formation. 

Chromyl Dichloride, CrO^Cl^, is a dark-red fuming liquid 
of specific gravity 1*92, boiling at 11G°'8 under a pressure of 
733 mm. It is easily formed by heating a mixture of potas- 
sium chromate and common salt with sulphuric acid. It is 
decomposed by water, forming chromic and hydrochloric 
acids. When it is heated in a sealed tube, it loses chlorine, 
and is transformed into trichromyl dichloride, (Or0.2)3Cl2 or 
( CrOjCl 

< GrOj , a black amorphous deliquescent powder which 
(CrOjCl 

ignites in hydrogen, forming chromic oxide, hydrochloric 
acid, and water. This substance may also be made by the 
action of iodine upon chromyl dichloride, or by heating potas- 
sium chlorochromato with sulphuric acid. 

809. A fluoride of chromium, CrFQ(?), is formed by 
heating a mixture of lead chromate and fluor-spar with 
sulphuric acid i^ a leaden retort. It is a very volatile^ 
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Btrongly fuming, dark-red liquid, which is decomposed by 
water with formation of chromic and hydrofluoric acids. It 
is not improbable that this substance contains oxygen^ and 
is analogous to the chromyl dichloride. 

310. Ammonium sulphide added to solutions of chromium 
salts gives a precipitate of the hydrate only. The sulpllidd 
corresponding to this oxide is obtained by igniting the sesqui- 
oxide in vapour of carbon disulphide or sulphuretted hydrogen. 
It is a dark-grey crystalline powder which is converted into 
chromic oxide on heating in air. A dark-brown powder said 
to have the composition Cr^Sg is obtained by reducing chromic 
sulphate in hydrogen. It ignites on exposure to air, forming 
chromic oxide and sulphur dioxide. 

311. Chromic Sulphate, Cr2(S04)3, is obtained by dissolving 
chromic hydi-ate in sulphuric acid. When perfectly free from 
water the salt is red, but on hydration it becomes violet or 
green. By mixing the solution with ammonium or potassium 
sulphate, chromium alums are obtained of a splendid ruby 
or purple colour. 

312. Ammoniacal Chromium Compounds. — Chromic hy- 
drate dissolves in ammoniacal salts containing free ammonia, 
and the solution after a time deposits a compound of the com- 
position Cr203.2NH3. On treatment with acids this sub- 
stance is convei-ted into roseochromammonia, CrgOg.SNHg, a 
base which gives crystalline salts of a wine-red colour. The 
tetramine-chromic chloride, the chloride of the base, has the 
composition Cr2Clg.8NH3.2H2O. Similar compounds have 
been obtained with bromine and iodine. 

Compounds of chromium colour borax green both in the 
inner and outer flame of the Bunsen lamp. Fused with 
potassium carbonate and nitrate, they produce yellow potas- 
sium chromate, wliich, after the addition of acetic acid, forms, 
with silver nitrate, the reddish-brown silver chromate, and 
with lead acetate, the yellow lead chromate. 

Chromic salts afford green or violet solutions, which yield 
the hydrate on the addition of caustic alkalies or ammonium 
sulphydrate. 

313. Manganese — Symbol Mn; atomic weight 54'0. — 
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Componnds of manganese are verj widely distributed^ 
although the element itself is never found free in nature. 
One of the most commonly occurring of these compounds is 
the black oxide, MnOa, a substance formerly regarded as an 
ore of iron, and termed magnesia nigra, from its resemblance 
to the loadstone. About the middle of the last century this 
mineral was shown to contain an element distinct from iron; 
a supposition confirmed in 1774 by the extraction from it of 
the metal manganese by Gahn. Manganese may be obtained 
by reducing the dioxide or the carbonate with charcoal or 
soot, at a high temperature. A carbide of the metal is thus 
formed, corresponding to cast-iron, which may be refined by 
reheating with manganese carbonate. As thus obtained the 
metal has a greyish- white colour and a fine-grained structure; 
it is very brittle, and rapidly oxidises when exposed to air. 
Its specific gravity is about 8. It fuses only at the highest 
temperature of a blast furnace, and is rapidly attacked by 
dilute mineral acids, with evolution of hydrogen. 

Manganese readily unites with many metals, but the 
alloys, with the exception of that with iron, are not of much 
importance. 

The following oxides of manganese are known : — 

Manganons oxide, MnO 

Trimanganic tetroxide, MnjO^ 

Manganic oxide, IdjuO, 

Manganese dioxide, MnOj 

The oxides corresponding to the manganic and permanganic 
acids have not been isolated. 

The Monoxide, MnO, is a greenish powder, obtained by 
mixing saturated solutions of potassium peimanganate and 
oxalic acid, adding acetic acid, drying, and heating in 
hydix)gen; by igniting the carbonate or oxalate in hydro- 
gen; or by fusing a mixture of manganous chloride and 
sodium carbonate containing a small quantity of sal-am- 
moniac, and exhausting the mass with water. By heating 
it to bright redness, in a mixture of hydrogen and 
hydrochloric acid gas, it may be obtained ciystallised in 
transparent octahedrons of an emerald-gi-een colour. Man- 
ganons hydrate is obtained as a white flocculent precipitate 
by adding caustic potash to a solution of a manganous salt. 
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It rapidly oxidises on exposure to air, and turns brown from 
the formation of manganic hydrate. 

Trimanganic Tetroxide, or Hanganoso-Manganic Oxide, 
MUjO^, occurs native as hauamomnUe, and is readily obtained 
by strongly^eating the preceding oxide, or the nitrate or car- 
bonate, in contact with air; or by intense ignition of the 
higher oxides. The artificial oxide is a reddish-brown 
powder, which temporarily darkens on heating. It is spar- 
ingly soluble in the cold concentrated mineral acids without 
decomposition, but definite combinations have not been 
obtained. When heated with sulphuric acid it evolves 
oxygen, aud manganous sulphate is formed; hot hydrochloric 
acid yields chlorine and manganous chloride. 

The Sesqoioxide, or MaBganic Oxide, Mn^O,, is found in 
nature as hraunile. It may be obtained artificially by heat- 
ing the nitrate or the dioxide to redness; at a higher tempera- 
ture the manganoso-manganic oxide is alone formed The 
nature of the product is, moreover, modified by the tension 
of the oxygen in the atmosphere in which the oxide is 
heated. On heating with hydrochloric and sulphuric adds 
it behaves like the preceding oxide. The corresponding 
hydrate, Mn^^jO^, is found native in numganite, and may be 
prepared by the gradual oxidation of the manganous hydrate. 
It forms very unstable salts, a few only of wBich have been 
prepared : the phosphate appears to be the only one which 
can be obtained perfectly stable. The oxide enters into 
the composition of certain double salts of greater stability. 
An alum of the composition Mn2K2(S04)424H20 occurs in 
violet octohedrons on the shores of the Great Salt Lake. 

The Peroxide or Dioxide, Mn02, ^ ^^^ ™^^ valuable ore 
of manganese; it has long been used for ''correcting'' the 
green or brown tints of glass ; hence its mineralogical name of 
pyrohisite (mtp, fire ; Xveci', to wash).* It may be obtained 
artificially by heating manganous carbonate to a temperature 
of about 260^, in contact with air. This fact is made use of 
on the large scale in recovering the manganese from the 
solutions of manganous chloride formed by the action of 
hydrochloric acid upon the dioxide in the manufiicture of 
bleaching powder (VoL L, p. 274). The liquor from the stills 
♦ The French call it savon des verriers. 
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is treated with milk of lime to precipitate the iron^ alumina, 
and silica originally contained in the manganese ore, and is 
afterwards mixed with finely-divided chalk and heated in 
iron boilers under pressure, when the following reaction 
occurs: — 

MnCla + CaCOa = MnCOa + CaCl ,. 

The washed manganous carbonate is then slowly heated in 
trays in a furnace, resembling the annealing oven of glass- 
works: it gradually loses carbon dioxide, and is converted 
into a mixture of the dioxide and protoxide. 

In the Weldon recovery process the still-liquor is mixed 
with excess of lime, whereby a precipitate of manganous 
hydrate is obtained, which ia afterwards oxidised by blowing 
air through it. A certain quantity of a compound of calcium 
oxide and manganic oxide is also formed, which, however, is 
decomposed on treatment with hydrochloric acid when the 
mixture is returned to the still, in accordance with the 
equation — 

MnOj. CaO + 6HC1 = MnCl, + CaCl, + CI, + 3HjO, 

When strongly heated the dioxide parts with a portion of 
its oxygen, and is converted into Mn^Oj or MugO^, according 
to the temperature employed. Heatetl with strong sulphuric 
acid it gradually gives off half its oxygen and yields man- 
ganous sulphate. Heated with hydrochloric acid, or with a 
mixture of sulphuric acid and common salt, chlorine is evolved : 
these reactions are employed in the preparation of this gas 
for manufacturing purposes (see YoL I., p. 266). The dioxide 
unites with water in various proportions, and several of its 
hydrates occur native. 

FsUomdcme^ varvicite, and wad, are naturally-occurring 
mixtures of manganese oxides. Cupreous mangcmese is a 
mixture of oxides of manganese and oxide of copper, and^ 
occasionaUy, of oxide of cobalt. 

Chcdcophanite (xoXKOQy brass ; ^irof, I appear), in allusion 
to the change on heating, is a crystalline compound of 
hydrated oxides of zinc and manganese. 

314. Manganic Acid, MnH^O^. — ^This acid is known only 
in combination. When a mixture of manganese dioxide, 
potassium chlorate, and caustic potash, is ignited at a low 
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red beat; and the cooled mass digested with cold water, a 
deep-green solution of potassium manganate is formed which 
gradually becomes red owing to the absorption of oxygen and 
the production of potassium permanganate. By evaporating 
the green solution in vactw over sulphuric acid, dark-green 
crystals of the manganate^ MnK204, may be obtained. 
Barium and sodium manganates have also been prepared. 
All the salts are very unstable, being decomposed even by 
carbonic acid. 

Permanganic Acid, MnjlIgOo, or Mn20g(OH)2.— A solu- 
tion of a manganate very rapicfly becomes red on boiling, 
and is converted into a permanganate. The best known per- 
manganate is the potassium salt. It is prepared by mixing 
4 parts of the finely-powdered dioxide with 3| parts of potas- 
sium chlorate, and adding to the mixture 5 parts of caustic 
potash dissolved in the minimum quantity of water. The 
dried mixture is heated until the potassium chlorate is decom- 
posed, and the sintered mass extracted with boiling water. 
The solution is allowed to claiify by standing, decant^ed, 
rapidly concentrated by boiling, poured off from any pre- 
cipitated peroxide, and set aside to crystallise. Potassium 
l)ormanganate, KjMngOg, separates out in dark reddish- 
purple crystals, which are isoniorphous with those of potas- 
sium j)erchlorato. It is soluble in about 16 parts of water 
at ordinary temperatures, and forms a deep-purple coloured 
solution. J'liis solution is largely used in quantitative 
chemical analysis by reason of the ease with which it parts 
with its oxygon. For the same reason it is employed as a 
deodoriser and disinfectant. Tlie free acid, HoMnjOo, is 
obtained as a viscid shining liquid of a greenish-black colour 
by warming the potassium salt with sulphuric acid diluted 
with a small quantity of water. It is decomposed when 
rapidly heated, but when gently warmed it volatilises in 
violet vapours with but slight decomposition. It decomposes 
in contact with organic matter, igniting alcohol and other 
inflammable liquids, occasionally with explosion. 

816. Manganous Chloride, MnClj, is readily prepared by 
heating the dioxide with hydrochloric acid : it is thus obtained 
in the manufticture of chlorine. When the pure dioxide is 
used, the solution yields pink and highly-deliquescent crystals 
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of the composition MnCl2.4H20. On heating in an atmo- 
sphere incapable of acting upon it, it parts with its water of 
crystallization, and fuses to a clear colourless liquid. The 
salt dissolves in alcohol, yielding a green solution, and com- 
bines with the alkaline chlorides to form double salts. 

Hanganic Chloride, MnCl^, is not known in an isolated 
state, but is supposed to be contained in the brown solution 
formed by adding the dioxide to cold concentrated hydro- 
chloric acid, or by passing hydrochloric acid gas into a mix- 
ture of the dioxide and ether. It gives a bright-green solu- 
tion which readily evolves chlorine. It is probably formed 
in the manufacture of chlorine from manganese dioxide and 
hydix)chloric acid : the reaction between tibese substances, in 
all probability, occurs in the following stages : — 

(1) MnOj + 4HCl=MnCL + 2ILO 

(2) MnCl4=MnCl,+Cly 

Manganese Hezachloride, MnClg(?), is supposed to be 

formed when a mixture of potassium permanganate, sulphuric 
acid, and common salt is gently warmed. Dark coloured 
vapours pass over which may be condensed in a freezing 
mixture to a greenish-brown liquid. It is possible that this 
compoimd may be an oxychloride analogous to the chromyl 
dichlorida 

316. Manganous Sulphide, MnS, is formed by igniting 
the dioxide with sulphur, or by heating manganic hydrate 
in the vapour of carbon bisulphide. It occurs native, as 
manganese blende. As a hydrate, it may be formed by pass- 
ing sulphuretted hydrogen into a solution of manganous 
acetate, or by the action of an alkaline sulphide on any 
manganous salt. As thus obtained it is a flesh-coloured 
powder which rapidly darkens on exposure to air. It is 
readily soluble in acids ; when heated with ammonium sul- 
phide in a sealed tube it becomes green, and is converted into 
the anhydrous sulphide. 

317. Manganous Sulphate^MnSO^, is prepared on the large 
scale for use in calico printing by igniting the dioxide with 
powdered coal, and dissolving out the manganous oxide by 
means of sulphurio aoid. It is also formed by heating the 
dioxide in sulphuric acid^ evaporating to drynessi and strongly 
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igniting tlie mass to decompose any iron sulphate which may 
be present. On treatment with water manganous sulphate 
is dissolved. At ordinary temperatures the solution deposits 
crystals which are isomorphous with those of cupric sulphate, 
and contain, like that salt, 5 molecules of water. When 
crystallised below 6^0., the salt contains 7 molecules of 
water, and has the same form as ferrous sulphate. Both 
hydrates effloresce in dry air, and at 18° or 20° contain only 
4 molecules of water. A solution of the salt evaporated at 
this temperature yields the tetrahydrated sulphate, isomor- 
phous with the corresponding ferrous salt. Manganous sul- 
phate forms double salts with the alkaline sulphates: the 
potassium compound has the composition MnK (804)2- 4H2O 
when ciystallised at ordinary temperatures, and MnK2(S04)2. 
2H2O, when deposited at 40° to 50°. Manganous sulphate 
is occasionally found native, associated with ferrous and zinc 
sulphates. 

Manganic Sulphate, Mn2(S04)3 or Mn2(S04)4 (?), is an un- 
stable compound, formed by triturating the dioxide with 
strong sulphuric acid, heating the thin paste to about 140°, 
placing the deep-green mass on a plate of pumice to absorb 
the excess of sulphuric acid, repeatedly triturating with fresh 
portions of strong nitric acid, and finally drying at 130°. 
Manganic sulphate is a dark-green amorphous powder, which 
deliquesces on exposure to moist air, forming a violet liquid, 
quickly becoming turbid from the formation of manganic 
hydrate. 

318. Manganous Carbonate, MnCOg, occurs naturally, 
constituting the mineral didUogite or mangcmese spar. It is 
found associated with the carbonates of iron, calcium, and 
magnesium, and is isomorphous with calcite. It may be 
prepared artificially by heating manganous chloride or sul- 
phate with sodium carbonate. It is slightly pink in colour, 
but becomes brown on ignition in air, owing to the formation 
of trimanganic tetroxide. 

Manganese compounds give a violet or amethystine 
colour to borax in the outer flame. When fused with sodium 
carbonate and nitre on platinum-foil, they form the greea 
sodium manganate. 
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Manganous salts have a pale-pink tint; their solutions 
give the flesh-coloured hydrated sulphide on the addition of 
ammonium sulphydrate. Caustic potash forms the hydrate. 
Ammonia gives no precipitate in presence of excess of am- 
moniacal salts. On boiling solutions of manganese, free from 
chlorine, with red-lead and nitric acid, they acquire a purple 
colour from the formation of permanganic acid. 



819. Iron — Symbol Fe (Ferrum) ; atomic weight 66. — 
Although iron is now the most abundant and important of 
the metals, man's acquaintance with it is subsequent to his 
knowledge of copper, tin, and certain of the noble metals, a 
fact which is accounted for when we remember that the 
extraction of iron depends upon metallurgical processes 
which were, in all probability, unknown in very early times. 
According to Xenophon, iron ores were first smelted by the 
Chalubes, a people dwelling in the neighbouring of the Black v 
Sea: hence the word chatupa {xO'^^)^ denoting steel, and A 
hence, too, our modem word chalybeate applied to water con- 
taining iron. To the alchemist iron was, of course, well 
known, and was designated by the symbol of Mars, <J . Metal- 
lic iron, apparently of terrestrial origin, is occasionally found 
associated with platinum. The huge masses of native iron, 
one block of which was calculated to weigh at least 20,000 
kilograms, discovered by Nordenskiold at Ovifak, in Green- 
land, are supposed by Daubr^e to be of terrestrial origin, and 
to be formed from basaltic rocks, ejected from great depths. 
Andrews has shown that finely-divided metallic iron is 
present in many basalts. Large masses of the metal, some- 
times nearly pure, but more frequently alloyed with nickel, 
cobalt, phosphorus, etc., are met with in various parts of the 
world; these are unquestionably derived from extra-terrestrial 
sources. The general composition of these bodies may be 
seen from the following analysis of a mass of meteoric iron 
found in Virginia, and analysed by J. "W, Mallet {Sill Am. 
J. [3] ii. 200)— 

Iron. Nickel. Cobalt. Copper. Tin. Manganese. 

88-706 10163 0-396 -003 '002 trace . 

Phoepboms. Salplmr. Chlorine. Carbon. Silica. Total. 

0-341 019 -003 0-172 067 99872 
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When heated tn vaetw, this iron evolved more than throe 
times its volume of gas, consisting of 

Hrdrosen. Carbon monoxide. Carbon dioz&da. Kitrofsa. ToUL 
35 83 38-33 975 1609 100 

Tlie gases evolved on heating various meteorites are very 
similar in character : they differ mainly in the relative pro- 
portion of the constituents. The gases obtained from a 
number of meteorites have been examined by A. W. Wright, 
who has shown tliat their composition is dependent upon the 
temperature of ignition; thus in the case of a meteorite 
found in Tennessee — 



Hydrogen. 


Carbon monoxide. 


Carbon dioxide. 


Nitrogen. 


At 600', 41-51 


38 45 


18-34 


170 


Red heat,.... 44 70 


45-75 


7 76 


173 



The diminiHhed quantity of carbon dioxide at the higher 
temperature is probably due to its action on the heated metal. 
Meteoric iron is seldom homogeneous : it usually contains, 
disseminated throughout its mass, grains and crystals of 
various substances, such as Sch/reibersite {Fe^i^: Mennier), 
TroUite (FeS: Kammelsberg; (Fe.Ni)7Sg: Meunier), which 
give rise to the development of peculiar markings, known 
as Widmann8taU*8 Jlgii/res, when the iron is treated with hydro- 
chloric or nitric acid, or fused potash. 

It has been suj)po8ed that in early times meteorites were 
used as sources of iron, a supposition which seems to derive 
its chief support from the fact that savages are occasionally 
found to employ such iron for the manufacture of knives, etc.; 
forgings of meteoric iron are, however, generally very deficient 
in strength and tenacity, properties which are not wanting in 
many articles of ancient iron which have come down to ns. 

Iron, in a state of combination, is exceedingly widely 
diffused. Nearly every rock contains it in greater or less 
quantity; it exists, generally as carbonate, sometimes as 
chloride, more rarely as sulphate, in nearly all natural waters; 
und it occurs in the tissues and juices of most animal and 
vegetable organisms. 

The principal ores of the metal are the oxides and carbon- 
ates: the sulphides, although very abundant, cannot be used 
for the manufacture of gc^ iroU) a^^arently from the im- 
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possibility of removing the last traces of sulpLur, which 
exercises an injurious effect upon the character of the metal. 

The following are the chief varieties of iron ore, in tho 
order of their compai^tive richness : — 

Magnetic ore or Magnetite, — ^This variety is mainly com- 
posed of triferric tetroxide, FegO^, and contains, when pure, 
nearly 72 per cent, of iron. It is met with chiefly in tho 
northern parts of Europe, in Siberia, and North America, 
although it is also found to some extent in Southern Europe, 
and in Mexico. Probably the oldest workings in the world, viz. , 
those at Traversella in Piedmont, are among deposits of mag- 
netic ore. The largest deposit of iron ore in Europe consists 
of magnetite, and is found in Southern Lapland, but from 
the inaccessible character of the district it has been but little 
worked. The celebrated Dannemora iron is made from mag- 
netic ore, found in the southern part of Sweden. Magnetite 
very rarely occurs in this country in sufficient quantity to 
make its extraction profitable. 

Magnetite is found both massive and crystallised in forms 
derived from the regular system, generally in octahedrons or 
rhombic dodecahedrons. It has a black colour, with a tinge 
of brown or even green. It is very hard, and its density is 
about 5*2. As its name signifies it is highly magnetic : it is 
the chief constituent of the loadstone. 

Ucematite, one of the most abundant and widely diffused of 
iron ores, consists mainly of the sesquioxide, FeoOg, and con- 
tains, when pure, about 70 per cent, of the metal. It occurs 
in a great many different forms, some of which have received 
special names, as »pecula/r ore or iron glance, a hard brilliant 
vanety, crystallising in rhombohedral plates, and found in 
the island of Elba, and in South America; micaceoVjS ore 
occurring in loosely -coherent plates somewhat resembling 
graphite ; and kidney ore found in dark-red botryoidal masses 
in Cumberland. 

Hsematite ores are found to some extent in Sweden, and are 
largely worked in Canada. The principal deposits in Europe 
occur in Saxony, and, in this country, in Ciunberland and 
North Lancashire. They are also met with in Cornwall, in 
Staffordshire, and in South Wales. The specular ore of 
Elba has been worked for more than 2000 ^«»x»,«sA^^»&'^isiRk 
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source from which the Romans derived their main supplies 
of the metal. 

Ilmenite or titaniferoua ore is found in crystals resembling 
those of haematite : it may be regarded as derived from ferric 
oxide by the replacement of a portion of the iron oxide by 
oxide of titanium. It has a dead-black colour and a brown 
streak, whereas the colour of haematite varies from dark-red 
io blue-grey, and its streak is invariably red. 

Occasionally the sesquioxide occurs crystallised with a 
molecule of water, in forms derived from a rhombic prism, 
giving rise to several varieties which are classed together 
under the name of gothite: when pure this compound con- 
tains about 63 per cent, of iron and 10*5 of water. The 
colour varies from an ochreous-yellow to a dark reddish- 
brown ; it is frequently met with in fibrous aggregations, the 
surfaces of which exhibit a remarkable velvety lustre. 

Brown ore is a variable mixture of hydrated oxides : its 
normal composition is usually stated to be 2Feo03.3H20, 
which requires about 60 per cent, of iron and 14*5 per cent, 
of water. The chief deposits of this ore in this country 
are found in Northamptonshire, in the Forest of Dean, and 
in Glamorganshire. It also occurs in France, and in Luxem- 
bourg, and affords a considerable proportion of the iron 
smelted on the Continent. The bog and lake ores of North 
Germany and Scandinavia may be classed as brown ores. 
According to Ehrenberg they dre of infusorial origin, being 
produced by diatomacese secreting iron from water, and 
depositing it as sesquioxide in their siliceous coverings. In 
Sweden and Norway considerable quantities of these ores are 
obtained by dredging from the bottoms of lakes, upon which 
the oxide lies in detached concretionary masses. They 
usually contain notable quantities of phosphates which detract 
from the quality of the iron which they yield. 

Spathic ore consists mainly of ferrous carbonate, FeCOg, 
and contains, when pure, about 48J per cent, of iron. It 
fi'equently occurs in well-defined crystals, derived from the 
rhombohedral system. When pure it is perfectly white, but 
more frequently possesses a grey or yellowish-brown colour, 
due to partial oxidation. Spathic ores sometimes contain 
considerable quantities of the isomorphous manganous car- 
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bonate, which increases their value for special purposes, as for 
the manufacture of steel. The clayhand ores or clay iron- 
stones of this country are mainly ferrous carbonates associated 
■with clay ; the hlackhand ore, which is chiefly met with in 
Scotland, contains, in addition, more or less carbonaceous 
matter. 

Spathic ores in England occur chiefly in Durham, Corn- 
wall, Devon, and Somersetshire. On the Continent they 
are met with along the Rhine, in Styria, Carinthia, and 
Thuringia. 

The clay ironstone, althougli poor in iron as compared 
with haematite and magnetite, is the most important ore 
in this country : it furnishes nearly two-thirds of the iron 
produced in Great Britain. It is found in the shales of 
the coal measures in Staffordshire, Shropshire, Yorkshire, 
Derbyshire, Denbigh, and South Wales, either in beds or 
in nodules of a light greyish-yellow tint, which become 
brown by exposure to air. 

The table on the following page gives the composition of 
several of these varieties of iron ore. 

Analysis and Valuation of Iron Ores. — In order to form 
an opinion of the value of an iron ore, it is necessary not 
only to determine the amount of metallic iron which it will 
yield, but also to ascertain the nature of the accompanying 
earthy matters and the amount of the substances present 
which are likely to exert an influence on the character of the 
metal produced. In order to analyse it, the weighed quantity 
(say about 10 grams) of the finely-powdered ore is digested 
with concentrated hydrochloric acid and a little nitric acid, 
and the solution is evaporated to dryness : the dried mass is 
moistened with hydrochloric acid, treated with hot water, 
and the silica and insoluble earthy matter filtered off and 
weighed. By boiling the weighed mixture with a solution 
of sodium carbonate, the silica is dissolved; on again weighing 
the residue after washing and drying, the proportions of tho 
silica and insoluble matter (gangue) are determined. It is 
sometimes required to ascertain the nature of the residue, 
whether, for example, it is mainly composed of clay or fusible 
silicates : for this purpose, recourse must be had to the general 
mothods employed in silicate analyses. 
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The solution obtained after filtering off tlie silica is diluted 
to a definite volume, say 500 cc, and is well mixed by shak- 
ing. An aliquot portion, say 100 c.c, of the solution is 
withdrawn, evaporated nearly to dryness in a porcelain dish, 
to expel the greater portion of the free acid, diluted with 
water and mixed with two or three drops of barium chloride 
solution. After standing for a few hours, the precipitated 
barium sulphate is filtered off and weighed. Its weight, 
divided by 0*137, gives the amount of sulphur in the aliquot 
portion of the ore. To a second portion of 100 c.c. of the 
solution a small quantity of a solution of ammonium molyb- 
date in nitric acid is added, and the mixture is heated for a 
few hours to a temperature of about 40°, when, if phosjjhorus 
be present, a bright-yellow precipitate consisting of a variable 
mixture of a compound of molybdic and phosphoric acids with 
ammonia is formed ; if its quantity be small, it is collected 
on a filter, previously weight, and after washing and drying, 
ite weight is determined. According to Seligsohn, the aver- 
age composition of the precipitate, diied at 100®, may be thus 
stated: — 

Molybdic acid, 90*744 

Phosphoric acid, 3*142 

Ammonium oxide, 3*570 

Water, 2544 

100000 

If its quantity be large, it is better to dissolve the pre- 
cii)itate in ammonia and add magnesium chloride. The 
magnesium ammonium phosphate which is formed is collected, 
ignited, and weighed, as magnesium pyrophosphate. On 
dividing ite weight by 0*279, the amount of phosphorus in 
the portion of the ore which is being analysed is found. 

A third portion of 100 c.c. of the solution is boiled with a 
small quantity of nitric acid, ammonium carbonate solution 
is added little by little until the fluid is nearly neuti'al, and 
then ammomium acetate in excess : the liquid is then boiled 
for some time and filtered. The pi'ecipitate contains the 
ferric oxide, alumina, and phosphoric acid. It is redissolvcd 
in dilute hydrochloric acid, mixed with solutions of tai*taric 
acid, ammonium chloride and sulphide, and filtered after 
standing. The filtmte is mixed with so^lium carbonate and 
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nitre evaporated to dryness and ignited, redissolved in 
hydrochloric acid, and the alumina and alumiidwn pha. 
precipitated by adding ammonium chloride and ami 
The weight of the precipitate, less that of the phos] 
acid, gives the freight of the alumina. 

The filtrate from the precipitated acetate contains the 
ganese, alkalies, and alluline earths. A few drops of br 
are added to it; the solution is heated in & flask to aboi 
and tightly corked. The tnanganeBe separates ont as i 
oxide : it is filtered off, ignited, and weighed as trimai 
tetroxide, MnjO^. The filtrate is concentrated by evi 
tion, mixed with ammonia and ammonium oxalate, ai 
precipitated calcium oxalate collected, washed, igniter 
weighed as Ume. The filtrate from the calcium oxalat 
cipitate, containing the magnesia and alkalies, is erapt 
to dryness, ignited to expel ammoniacal salts, the.ri 
dissolved in a small quantity of water mixed with at 
gram of oxalic acid, the solution again evaporated to di 
and ignited: alkaline carbonates and magnesia are 
obtained. On beating with water, the magTuna re 
imdissolved, and may be filtered off and weighed. 
alkalies in the solution are converted iuto chlorides 1 
addition of a few drops of hydrochloric acid evapora 
dryness and weighed. The proportion of the pota 
chloride in the alkaline chlorides may be determim 
means of platinum tetrachloride (see potasraum), the 
cnce is the amount of the sodium chloride. 

The quantity of mnialure in the ore is determin' 
igniting a few grams of it in a tube attached to a we 
salcium chloride tube : the increase in the weight < 
calcium chloride tube gives the amount of water pr 
The amount of carbon dioxide is most accurately esdj 
by ti'sating a weighed portion of the finely-powdered on 
dilute hydrochloric acid, and absorbing the evolved c 
dioxide in tubes filled with soda-lime. 

The determination of the quantity of troti in the i 
readily effected by volumetric analysis. Two processt 
in common use, known respectively as the " Bichromate 
" Fcrmanganate " methods. The former method de 
upon the litct that when a Bolution of potxssium bichr 
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is added to a solution of a feiTous salt, containing free hydro- 
chloric acid, the iron is converted into a ferric salt at the 
expense of the oxygen of the bichromate : 

6FeCl, + KjCrjOy + 14HC1 = SFe^Cle + 2KC1 + CraClg + 7HaO. 

It is evident from the equation that 294*4 parts of potas- 
sium bichromate will convert 336 parts of iron, as ferrous 
salt, to the state of ferric salt. It will be also clear that 
if we have a solution of potassium bichromate of known 
strength, and a method of ascertaining when the whole of 
the iron has been changed to the ferric compound, we shall 
be able to determine from the volume of the bichromate 
solution needed how much iron is present in the solution. 
The solution of iron to be tested is placed in a flask, and a 
few fragments of zinc are thrown into it : hydrogen is evolved, 
which reduces the iron to the lower 
state of oxidation. The solution 
of the bichromate is then added, 
drop by drop, from a measuring 
vessel, termed a burette, imtil a 
drop of the iron solution added to 
a small drop of very dilute potas- 
sium ferricyanide solution placed 
on a white plate no longer gives 
a blue colouration (fig. 161). The 
volume of the bichromate solution 
needed is then read off on the 
burette, and from the known value 
of the solution the amount of iron 
is readily calculated. A solution 
of convenient strength is made by 
dissolving 4*907 grams of the pot- 
assium bichromate in a litre of 
water: 1 cb. c. of this solution is 
equivalent to '0056 gram of iron. 

The permanganate process is 
based upon the circumstance 
that when a solution of this salt 
is dropped into a solution of iron Fig. 161. 

(best in sulphuric acid), the iron is peroxidised at the ex« 
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pense of the oxygen of the potassium permanganate, which 
is thereby converted into a mixture of potassium sulphate 
and manganous sulphate. So long as any ferrous salt 
remains in solution the colour of the permanganat'O is almost 
instantly discharged : the final point of the reaction is there- 
fore ascertained by the permanence of the pink tinge of the 
liquid. The reaction may be thus expressai : 

lOFeSO^ + KaMnjOg + 8SO4HJ = 6Fej(S04)3 + 2MnS04 + K JSO4 + 8H,0. 

As potassium permanganate is a somewhat unstable salt, 
the oxidising value of its solution is best ascertained by pre- 
liminary experiments made with solutions containing a Imown 
amount of iron. 

The majority of these processes are equally applicable to 
the determination of the same constituents in manufactured 
iron. 

Manufacture of Iron, — A description of the methods of 
extracting iron belongs more particularly to the province of 
Metallurgy; these are fully detailed in the treatise on that 
subject published in this series. It is only necessary, there- 
fore, to refer to these processes in so far as they involve 
chemical changes. 

In this countiy iron ores are subjected to but little 
mechanical treatment before being smelted, but on the Con- 
tinent, where comparatively poor argillaceous ores are fre- 
quently employed, dressing and washing are resorted to, in 
order to remove sand and clay. Ores are occasionally 
'•'weathered" by exposing them in heaps to the action of 
the air and moisture : the sulphides are thus partially con- 
verted into soluble sulphates which are removed by the rain. 
In the case of the clay iron ore from the coal measures the 
weathering is attended with a further advantage, inasmuch as 
it causes the disintegration of the associated shale. Care must 
be taken, especially in the case of spathic ores containing 
much lime, not to carry the exposure too far, otherwise the 
mass is apt to fall to powder when calcined or when treated 
in the blast furnace. 

Calcining. — It is generally necessary to subject the ores 
to a /preliminary roasting Mo\^ tl\^Y are treated in the 
smelting funiace, in order to ex\}d^t3A.^ic ^-^^ <».^QVi.^^-^\^^^ 
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of course, in the case of such ores as red hffimatite and majf. 
netite, which are practically free from these substances, this 
operation is not requisite. The procese of roasting Is not 
only beneficial in expelling volatile ingredients and in thus 
concentrating the metallic oxide; it also facilitates the emelt- 
ing operations by rendering the roasted fragments more porous, 
whereby the reducing gases pwnetrate the mass more readily. 
Calcination also expels the greater part of the sulphur, and 
thoroughly peroxidises the iron ; the complete conversion of 
the oxide to ferric oxide iliminbhes the tendency of the 
iron to unite with silica to form a fusible slag. The calcina- 
tion is effected either in piles or clamps in the open air; 
between walls; or in specially-constructed kilnS or furnaces. 
Certain ores, as the blackhand ironstones, contain so large a 
quantity of carbonaceous matter that it is unnecessary to use 
additional fuel in the roasting, and accordingly such ores are 
' most conveniently treated in clamps ; in other cases, and 
more especially where economy of fuel and uniformity in the 
composition of the product are important considerations, it 
is preferable to roast in kilns. Fig. 162 represents Gjers' 
calcining kiln which is in general , 
use in the Cleveland district, J 

A quantity of ignited coal is 
placed at the bottom of the shaft, 
and a mixture of ore and fuel is 
addeil fi"om the top from time to 
time. As the mass is roasted it 
is withdrawn at the bottom, being 
directed outwards by the internal 
cone. The roasting is occasionally 
accomplished by means of the 
waste gases from the blast fur- 
nace. The loss of weight suffered ' 
by the oi-es in this process varies Fig- 1G2. 

greatly. The average qualities of argillaceous ore lose about 
one -fourth, blackband ores about one-third, and brown 
hfematites abont one-seventh of their weight. 

Smelting. — Oxides of iron, when heated, are readily reduced 
by carbonaoeoua matter, or by the action of hydrogen, car- 
bon monoxide, and gaseous hydrocarbons. If the ores to lo 
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operated upon consisted of pure oxides, the extraction of iron 
would, theoretically speaking, be a very simple operation. 
The actual process is complicated by the circumstance that 
the oxides are almost invariably accompanied by more or less 
siliceous matter, so that when the iron becomes partially 
reduced it combines as protoxide with the silica to form a 
fusible slag. It is necessary, therefore, to arrange matters so 
as to prevent this combination of the silica with the iron 
oxide, and at the same time to prevent the accumulation 
of it and the other earthy matters within the furnace. 
This may be effected in two ways : either by mixing ores, the 
earthy material of which will together form a proper flux, or 
by adding aluminous or calcareous minerals, free from iron, 
to the ore. The substance most generally added is calcium 
carbonate, in the form of limestone; the lime unites with 
the silica and alumina of the clay to form a readily-fusible 
double silicate of calcium and aluminium. The choice of 
limestone is by no means an unimportant matter : a highly 
fossiliferous limestone is objectionable from the quantity 
of phosphates it usually contains, and a dolomitic limestone 
diminishes the fusibility of the slag. In Cumberland and 
North Lancashire, where the rich red haematites are smelted, 
it is often necessary to add an aluminous flux, either as 
shale from the coal measures, or in the form of certain 
varieties of brown hcematite containing a large quantity of 
alumina. 

The economical production of iron depends in great mea- 
sure upon the formation of the most readily-fusible slag in 
sufficient quantity, with the smallest addition of extraneous 
mateiials, i,e., substances free from iron. The fusibility of 
the slag depends upon the relative amounts of lime, alumina^ 
and silica which it contains: the most fusible mixture is 
stated to be composed of 56 per cent, of silica, 30 of lime, 
and 14 of alumina, corresponding to the formula AlgOa. 
SCaO.SSiOg. 

Usually, however, the amounts of lime and alumina aref 
considerably larger, and that of the silica much less. The 
following analyses of slag wUl show the nature of the 
ingredients, and the extreme variability of the product ; — 
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Silica, 

Alumina, 

Lime, 

Ferrous oxide, 

Manganous oxide, . 

Magnesia, 

Calcium sulphide,. 
Phosphoric acid, .. 
Alkalies, 



Dowlais. 


Wigan. 


Cleveland. 


43-07 


31-46 


27-68 


14-85 


8-50 


22-28 


28-92 


62-00 


4012 


2-53 


0-76 


0-80 


1-37 


2-38 


0-20 


5-87 


1-38 


7-27 


1-90 


2-96 


2 -CO 


• • • 

1-84 


• • • 

• • • 


« ■ • 
• • • 


100-35 


99-44 


100-35 



The composition and physical characters of the slag, 
together with the amount produced, vary greatly with the 
working conditions of the furnace. Slags are of nearly all 
colours : in the manufacture of grey iron they are usually 
white ; but with an increased charge in the furnace, and at 
a comparatively low temperature, they become almost black 
from the increased quantity of iron present. They have usually 
a vitreous lusti-e, but when containing a large quantity of 
alumina they possess an appearance resembling that of por- 
celain. A stony slag, disintegrating on exposure to air, is 
indicative of excess of lime : such slags are formed in the 
production of highly-carburetted iron, and are comparatively 
infusible. As a general rule, it may be stated that an 
infusible slag is accompanied by the production of grey iron ; 
if very fusible the iron will be white. The formation of grey 
iron undei* these conditions is accounted for by the circum- 
stance that the reduced metallic particles are unable to 
coalesce, owing to the refractory nature of the slag with 
which they are intermingled ; they are thus exposed to con- 
ditions favourable to the accumulation of carbon and silicon, 
which latter element determines in some measure the grey- 
ness of the iron, although not to the same extent as the 
carbon. Many proposals have been made to utilise the slag 
produced in such enormous quantity ; at present it is mainly 
used oa " road metal," but is capable of being made into 
biicks and hydraulic cement. 

The Blast Furnace. — Fig. 163 represents a vertical section 
of a modem blast furnace. Its typical foim may be regarded 
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as tliat of two tnincated hollow cones, placed base to base: tite 
widest portion of the fumajce, or the Inahes (baveh, German), 
being at the place of junction of the two cones. The newer 
forms of blast furnace differ from those of older constnic- 
tion in the aToidance 
cf corners and angles 
in the interior. The 
furnace thos as- 
sumes a shape some- 
what resembling 
that of an ordinary 
soda - water bottle 
without the neck 
and pointed end. 
The extreme upper 
part of the furnace 
is termed the tun' 
ne! - head : at its 
mouth the gases 
produced by the 
reaction between 
the materials in the 
furnace bum, if 
allowed to escape 
into the air. In 
the figure the ifiroat 
of the furnace is 
reju'cwnted as being 
closed hy a cup and 
cone arrangement : 
the gases pnss 
^g 16.1 through an open- 

ing, k, into a pipe /, which leodu thence to the stoves employed 
in heating the blast, m the mannet described below. The 
charges of ore, limestone and fuel, are thrown from trucks or 
barrows running along the gallery or charging plate, m. 
The manner in which the materials are brought on to the 
charging plate depends upon the natural situation of the 
furnace. Sometimes the furnaces are biiiit upon the sides or 
at the bottom of dcclirities, in order that advantage may be 
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taken of the rising ground to deliver the charges directly at 
the mouth of the furnace; more frequently, however, the 
materials are i*aised by hydraulic or pneumatic lifts. From 
the " throat " of the furnace the diameter of the shaft or 
" stack " begins to increase gradually, until the boshes are 
reached, when it commences to decrease, and is narrowed at 
the bottom, on which the molten products collect. The 
walls of the sloping hearth are perforated, so as to contain 
the pipes or "twyers" {ff)i which are supplied with air from 
the blowing engines. As the temperature of the furnace at 
this point is exceedingly high, it is necessaiy to protect the 
twyera from melting by surrounding them with water. Fig. 




Fig. 164. 

164 shows one form of twyer in detail : the arrows indicate the 
direction in which the water flows ; the projection and incli- 
nation of the twyer within the furnace are regulated by the 
screw and ball and socket joint a. The flanged elbow pipe 
iits on to the main supplying the blast; at 6 is a small open- 
ing which can be closed with a plate of glass, through which 
a view of the interior of the hearth can be obtained. Tho 
number of the twyers and method of an^anging them vaiies in 
different districts, as many as sixteen being sometimes used, 
as in Rachette's furnace : three, however, is the usual number, 
two being placed at the sides iind the third at the back. The 
pressure of the blast varies with the character of the fuel used, 
the weight of tho matciials in the furnace, and the nature 
of the iron desired : in England it is usually from 3 to 5 lbs. 
on the square inch, but in the American anthracite furnaces 
it amounts to nearly half an atmosphere, whilst in the char- 
coal furnaces of Sweden it is only a fraction of a pound. In 
some of the larger ii*on-works the blowing engines are capable 
of delivering cnonuoiis volumes of air, as much as 50,000 
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cubic feet a minute being occasionallj supplied by one engine 
alone to a series of furnaces. 

At the front of the hearth is an opening, covered by an 
arch, known as the tymp^ the vertii^ sides of which are 
prolonged outwards into a rectangular cavity, called the fore 
hearth, which is fronted by a block of stone or firebrick, 
termed the dam, h. Over this the melted slag flows through 
a furrow, called the cinder notch, and is received into shallow 
trucks made of wrought-iron, in which it solidifies in rec- 
tangular blocks. When it has accumulated in sufficient 
quantity the molten iron is run out through a hole in the 
dam, which is stopped in the intervals of tapping with sand, 
into moulds of cast-iron or of sand. 

As the furnace has to withstand the action of an exceed- 
ingly high temperature, extending in many cases over several 
years, great care is taken in the selection of the materials 
employed in its construction. The upper portion, or stack, 
is formed of firebricks moulded to the proper shape ; outside 
of this ring of bricks, but with an annular space between, is 
a second wall, also of firebrick : the intervening space is 
filled with broken slag or sand, so as to allow of the 
contraction and expansion of the inner wall by changes of 
temperature. The walls of the hearth and boshes are also 
made of fireclay, but are of increased thickness, as they have 
to withstand not only the high temperature, but also the 
constant action of the molten slag. The whole is encased in 
a jacketing of wrought-iron plates, riveted together. 

The capacity and relative dimensions of the furnaces in 
use in different districts vary very greatly, and mainly 
depend upon the general character of their burden. There is 
an obvious gain in economy in the use of tall and relatively 
nan*ow furnaces, since a great proportion of the heat carried 
upwards is intercepted by the mass of material above the 
region of active combustion. Very high furnaces, however, 
can only be used where the materials are sufficiently hard to 
resist the weight of the superincumbent mass; and in the case 
of soft ores and certain varieties of coal the limit of height is 
reached comparatively soon. In the Cleveland district, 
where spathic ores are mainly smelted with a very hard 
coke, many of the furnaces are upwards of 90 feet high. In 
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the Ferrie furnace, which is more than 80 feet high, the 
fuel is coked within the shaft by the waste heat, and at the 
same time the burden is relieved of the superincumbent weight 
by an arrangement of compartments, through the openings 
of which the charges fall. 

In setting the furnace in operation, or in " blowing in," 
as it is technically termed, care has to be taken to moderate 
the heat at first, othei'wise the masonry may be cracked. 
A quantity of wood is placed on the hearth, and when 
well-lighted, coke is added, and afterwards small charges of 
ore and limestone, until the furnace is about one-third full. 
As the temperature increases and the masonry becomes dry, 
the charges are augmented until the furnace is in full blast, 
when fresh quantities of fuel, limestone, and ore, are con- 
tinually added, day and night, for years, imtil it is necessary 
to "blow out" the furnace for repairs. The method of 
charging is by no means an unimportant matter, and various 
contrivances are in use to insure that the mixture maintains 
its proper relative proportion of fuel, ore, and lime in the 
various parts of the furnace. In Gg» 163 one of the methods 
of effecting the distribution of the burden is represented : the 
charges stiiking the inverted cone, a, which descends into the 
furnace, are projected towards the sides of the stack, instead 
of being heaped up in the middle. The time occupied by the 
materials in I'eaching the hearth depends upon the shape and 
height of the furnace, and varies from about twenty-four to 
sixty hours. The average yield of a furnace may be stated 
at about 150 tons per week, and the amount of fuel needed 
at three times that quantity. 

The following table shows the average amounts of the 
materials required to produce a ton of cast-iron in the princi- 
pal iron-smelting districts of Great Britain : — 



Ore, 

Limestone, .... 
Coal, 


Staffordshire. 


Yorkshire. 


Scotland. 


South Wales. 


Cwts. 

40 to 60 

15 to 18 

60 


Cwts. 
70 
20 
80 


Cwt^ 
36 
10 
30 


Cwtfc 

67 

17 

35 to 37 



formerljr, the air driven into tbo furnace through th^ 
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twjers was invariably cold, Le,, of tbe ordinaiy tempera- 
ture: in 1828 3Ir. Neilfion, a Lanarkshire iron smelter^ 
eflecied a very important improvement hj the substitU' 
tion of liot air, whereby fuel is saved and the working 
jiower of the furnace increased. Theoretically, tiie hotter 
the blast t}ie greater is the gain in economy ; thus a saving 
of a quarter of a ton of coke \ycr ton of iron made was 
effected >>y raising tbe temperature from 300^ to 600^ The 
air of the blast is heated by passing through pipes sur- 
rounded by a fire, or over bricks heated by the burning of 
the waste gases from the furnace, which are brought down 
to the stoves from either the side or middle of the stack, in 
the manner indicated in fig, 1G3. The temperature of the 
blast may be ascertained liy expfising thin rods of various 
metals of low fusibility in the current of the air : the rods 
are usually inserted in the opening b, fig. 164. The resist- 
ance pyrometer of Mr. Siemens might be used with greater 
advantage for this purpose. 

The reactions which take place in the furnace are exceed- 
ingly complicated, and despite the abundant opportunities for 
olisorvation from tlie enormous amount of iron which is pro- 
duced, they are by no means thoroughly understood. The 
general nature of the changes exj>erienced by the charge in its 
(l(;Hcent may be thus descriV^ed : — The materials are first com- 
plet<;ly dried by the up-rush of heated gases, any carbon dioxide 
which may be still present in the roasted ore is expelled, and 
if coal be the fuel used it is gradually converted into coke. 
At the same time the oxide of iron begins to be reduced by the 
action of the carbon monoxide, so that the ore is converted 
into a mass of finely-divided iron disseminated through the clay 
and other earthy matters present in it. At a somewhat lower 
stage tlie active expulsion of carbon dioxide from the lime- 
stone commenceM, and lime is produced. The mass baa 
next to be funed in order to separate the metal from the 
earthy matters. The reduced iron in contact with the 
strongly ignited fuel, hydrocarbons, and oxide of carbon, 
gnylually combines with carbon, whereby it is rendered more 
fuHible; at the same time it unites with silicon, phosphorus, 
and Huli)linr : the silica in the ore, existing mainly as 
aluminum silicate, combines with the lime, oud the slag is 
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formed. The slag and carburetted iron on reaching the boshes 
commence to fuse, the molten slag falls to the bottom and 
forms a layer through which the specifically -heavier ii'on 
sinks ; as the slag accumulates and reaches the level of the 
dam it flows over through the cinder notch, as already 
described ; when the amount of iron is sufficiently large for 
casting, the blast is stopped, and an ii^on bar is driven through 
the binding sand which stops up the tap-hole, and the fluid 
metal runs along the main channels, termed "sows," leading 
to the moulds known as " pigs," in which it solidifies. 

The changes which the gaseous contents of the furnace 
experience have still to be traced. Commencing at the bottom 
where the air enters by the twyers, at a temperature of 600° 
or 700° C, the first action is the union of the oxygen with 
the carbon to form carbon dioxide, but this gas almost im- 
mediately combines with a further portion of carbon to 
form the monoxide, COg + C = 2C0. At the same time, a 
small portion of the nitrogen of the air combines with carbon 
and cyanogen gas is formed, and any atmospheric moisture 
which is present is decomposed, free hydrogen and possibly 
acetylene being formed, together with carbon dioxide. All 
these gases in contact with the metallic iron experience more 
or less change : the carbon monoxide in part suffers an in- 
verse change to that by which it was produced, being resolved 
into carbon dioxide and free carbon, a portion of which com- 
bines with the metal, but the greater portion of the carbon 
monoxide is converted into the dioxide by abstracting the 
oxygen from the ore in the higher portions of the stack, the 
carbon dioxide so formed being again partially converted into 
the monoxide by passing over the fuel near the throat. Simi- 
lar changes are experienced by the cyanogen and the hydro- 
carbons, all of which doubtless assist, although probably to 
no very great extent, in carburetting the iron and in reducing 
the ore. The gases thus play veiy different parts in the 
various regions of the furnace, the difference in the reaction 
being mainly dependent upon the variations in temperature 
of the reacting materials. In addition to the gases formed 
by atmospheric air, we have a further quantity produced by 
the destructive distillation of the fuel. The general nature 
of the gases present in the different regions of the furnace 
10—11. z 
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may be seen from tbe following analyses of samples taken 
from a furnace of moderate height : — 



Nitrogen, 

Carbon dioxide 


Distance from Mouth. 


5 Feet. 

55-35 
7*77 

25*97 
3-75 
0*43 
6*73 


20 Feet. 

60*46 

10*82 

19-48 

4*40 

4*83 


34 Feet. 

58*05 
37-43 

318 
1-34 

• 


Carbon monoxide, 

Marsh gas, 

Olefiant gas, 

Hydrogen, 

^Cyanogen, 


100*00 


99-99 


,100*00 



Formerly, tlie whole of the gases were allowed to escape, 
and to burn at the throat of the furnace with a long smoky 
flame made luminous by the presence of hydrocarbons and 
suspended particles ; in modern furnaces, however, they are 
collected and utilised as already mentioned, either for gene- 
rating steam for the blowing engines and lifts, or for heating 
the blast and calcining the ores. 

The amount of heat required to bring about these changes 
in the furnace is very great. Mr. Lowthian Bell has given 
the following table of the appropriation of heat in an eighty 
foot furnace during the production of 20 cwt. of pig-iron 
from Cleveland ore : — 

Comtant requirements of furnace — H®** Units. 

Reduction of Fe from FegOg, 33, 108 

Impregnation with carbon, 1,440 

Reduction of P, Si, and S, 4,174 

Fusion of pig-iron, 6,600 

R adiation from walls of furnace, 3, 658 

Cooling twyers by water, 1,818 

Conduction to earth, etc. , ?!^2?_64 000 

Variable sources of loss of Jieat— 

Fusion of slag, 16,720 

Expulsion of C0« from CaCOj, 5,054 

Decomposition of CaCOs, 5,248 

Decomposition of H^O in blast, 2, 720 

Evaporation of H jO in coke, 3 13 30^ Q55 

Carried out by escaping gases, 8,860 

92 915 

Brought in by hot blast, .11,919 

Heat produced by combustion of coke, 80, 996 
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The product of the furnace is known as cast or pig-iron. 
It is classified into grey iron and white iron according to the 
appearance presented by its surface when freshly fractured. 
This classification depends upon the state in which the carbon 
is present in the iron : if it exists mainly in the free state 
or as graphite, the iron is grey, and has a coarse-grained 
structure ; if the carbon is chiefly in chemical union, the colour 
of the iron approaches more nearly to white, and the fracture 
is more finely-grained. White iron can only be used for forge 
purposes, whereas grey iron may be employed either for cast- 
ings or for conversion into malleable iron. The two varieties 
differ considerably both in chemical and in physical properties. 
White cast-iron is more fusible than grey iron, but grey iron 
becomes more perfectly fluid when melted. White iron con- 
tracts considerably on solidification, whereas grey iron 
expands. White iron is specifically heavier than grey, and 
accordingly flows through the tapping hole first when both 
varieties are present in the furnace. Indeed, the smelter is 
generally able to determine the character of the metal from 
its behaviour in flowing from the furnace : white iron runs in 
a sluggish stream and with bright scintillations; grey iron is 
more perfectly fluid, and throws out very few sparks. White 
iron is exceedingly hard and brittle, whereas grey iron is 
comparatively soft and can be readily worked with a file. On 
dissolving grey iron in dilute nitric acid, a solution of a light- 
green colour is obtained, and scales of graphite remain undis- 
solved : white iron dissolves completely and yields a brown 
solution ; the hydrogen which is evolved has a characteristic 
odour due to the presence of hydrocarbons of the CnHgn series. 
This difference in the character of the iron is mainly depen- 
dent upon the working conditions of the furnace : the varia- 
tion seems ultimately to depend upon differences in the heat 
of fusion and in the rate of cooling. If grey iron be remelted 
and suddenly cooled a considerable proportion of the carbon 
is found to have entered into combination, and the metal 
becomes white, or has a mottled appearance; not imfre- 
quently, however, the carbon from highly-corburctted white 
iron is deposited as graphite on remelting. Tlio following 
analyses will serve to show tho oxti*cmo variability in the 
composition of cast-iron : — 
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Name of Iron. 



Graphite, 

Combined carbon, 

Silicon, 

Manganese, 

Phosphorus, 

Sulphur, 

Iron, 



Bowling, No. 1. 


Clorenoe. 


3-421 


3-13 


0-583 


0-28 


1-708 


0-88 


1-606 


0-37 


0-630 


1-23 


073 


017 


92 070 


93-66 



Northampton. 



0-800 
3-365 
0*298 
1-368 
0-702 
92-713 



The largest amount of chemically-combined carbon in cast- 
irmi is met with in " speigeleisen " (so named from the 
bright lamellar appearance it shows when fractured). This 
variety of iron is mainly made from spathic ores, and fre- 
quently contains a considerable quantity of manganese. It 
is used principally in the manufactui-e of steel by the Bes- 
semer process, to be hereafter described. Its general com- 
position may be seen from the subjoined analysis : — 

Combined carbon, 4*20 

Graphite, 0-42 

Silicon, 0-93 

Phosphorus, 0*06 

Sulphur, 0-17 

Manganese, 6-63 

Iron, 87-59 

100 00 

Conversimi of Cast-iron into Wrought4ron. — ^The large 
quantities of foreign matter in cast-iron, by diminishing its 
toughness and tensile strength, render it unfit for many of 
the applications of the metal. Much of the iron made in the 
blast furnace requires therefore to be refined; the purified 
metal is called wrought-iron. The method of purification 
consists in melting the crude iron and exposing it to a 
stream of air. A portion of the metal is converted into 
oxide of iron, which parts with its oxygen to the carbon to 
form carbon monoxide; the silicon is simultaneously oxi^ 
dised to silicon dioxide, which combines with oxide of iron 
to form a readily-fusible slag of ferrous silicate. The man- 
ganese, phosphorus, and sulphur, are also oxidised more 
or less completely, and are found in the slag or finery 
cinder. Fig. 165 represents a refinery fire in section, and 
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fig. 166 shows it in plan. The oblong liciirtb, a, is foimed 
by tlie junction of four iron troughs, tJte sides of vhich are 
kept cool by water flowing through them. The bottom 
of the hearth ia of sand, well rammed down ; it is slightly 
concave, and slopes towards the tapping-hole. Tho air. 




fig 1G5 
which IS to cfTcct the purification of the mcfal, is supplied 
by sevenil twyers, usually six in nnniber, ranged oa 
opposite sides of the "' ' " -"^ 

hearth. The twyers aro 
inclined at an angle of 
about 30° (fig. 166; 
that the blast of ur may/; 
impinge directly upon T 
the fused metal. Water 
rnns into the cistern, e. 
and thence round the 
twyers, ggff, and into the 
tanks, k h, which also 
receive the water from 
the troughs, b b. Igmted 
coke is placed on the 
liearth, together with t''g 106 

the pigs of iron to be refined , more coke is added, and the 
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metal is melted by the aid of the blast. When a sufficient 
quantity of carbon has been expelled, the iron, ovfine metdl^ 
as it is now termed, together with the slag, is run into 
moulds of cast-iron, cooled by water flowing round them. 
The layer of slag is readily detached from the solidified 
metal, its separation being facilitated by throwing water upon 
the heated mass. 

From the rapid cooling of the metal, the greater portion 
of its residual carbon remains in combination, and the iron 
is rendered white. The change in chemical composition of 
the iron is shown in the following analyses : A is the com- 
position of the original pig, and B that of the refined iron. 

A. B. 

Carbon, 2*40 0*30 

Silicon, 2-68 0*32 

Sulphur, 0-22 0*18 

Phosphorus, 0*13 0*09 

Manganese, 0*86 0*24 

Iron, 93-71 58-87 

On the average from 22 to 25 cwt. of cast-iron are re- 
quired to yield a ton of refined iron, the quantity depending 
upon the impurity of the pig-iron and the duration of the 
process. The consumption of coke is from 2 to 3 cwt., and 
the weight of cinder produced is about equal to that of the 
coke required. The general composition of the finery cinder is 

Ferrous oxide, 65 "52 

Manganous oxide, 1*57 

Alumina, 3*60 

Lime, 0*45 

Magnesia, 1-28 

Silica, 26-77 

Sulphur, 0-23 

Phosphorus, 1*37 

99-79 

The white iron thus obtained is still further purified by 
the process known as puddling. The main object, indeed, 
of the preceding operation is to convei-t the grey iron into 
white iron, since the latter variety is more readily treated 
in the puddling furnace than the fonner, on account of its 
own fusibility, and the peculiar pasty condition which it 
assumes when melted. The principle of the puddling pro- 
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cesa is, in the main, identical 'with that of the operation just 
described: a portion of the iron is first oxidiBed, and the 
oxide is incorporated with the remainder of the molten 
metal. Carbon monoxide is evolved, and a slag of highly- 
basic silicate of iron, containing phosphorus and sulphur as 
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iroa phosphate and sulphide, is formed. Fig. 167 represeats 
a puddling furnace in elevation, fig. 168 in sectioa, and fig. 
169 shows it in plan. It is built of fire-brick, boond with 
iron tie-rods, or cased in iron plates. The fireplace is at b; 
it afibrds a large spreading fiame which is bent down upon 
the hearth, a, from the roof; the dmiight through the fumaco 
can be regulated at will hj a flat plate or damper on the to|t 
of the stock. The bottom of the hearth is of cast-iron, pro- 
tected from the direct action of the metal by a lining of slag, 
or a mixture of hematite and lime. The charge of iron, 
usually about 4 cwt., having been introduced, the heat ia 
raised imtil the metal begins to soften, tlie masses at the 
sides of the hearth being moved from time to time into the 
middle, so that the whole may be uniformly, and aa nearly 
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as possible simultaneouslf, melted 
At the Bame time a quantity of 
iron scales or red bcematlte is added 
to the furnace. The temperature , 
is then lowered by partially clos , 
ing the damper, and the oxide la 
thoroughly incorporated with the 
metal by vigorous rabbling and 
stirring. Large quantities of cai 
bon monoxide are evolved fiom 
the action of tbe iron oxide on 
the carbon, and the molten metal 
appears to boil. The ebullition 
gradually ceases, and small lumps 
of tbo purified metal begin to 
make their appearance in the bath, 
since the temperature of tbe fur 
nace, althougli.Lifjh enough to fuse 
highly-carburette(liron,i8notsuffi 
cient to melt iron nearly free from 
carbon. The charge is now heated 
to the highest temperature of tbe 
furnace, and is vigorously stirred 
by the puddlcr and his assistant, 
the iiai'ticlcs of softened iron aro 
pressed together into balls iteigh 
ing from 60 to 80 lbs. each, which 
are pushed towards the fire-bndge 
c or partition which separates tbe 
hearth from the firejilace, to pi-e 
servo them from the oxidising 
action of tbe air rushing through 
the working door. When the 
charge has been worked up, the 
balls are dragged to the Eteam 
hammer, fig. 170, where they aie ' 
subjected to a siicccFiSion of rapid 
blows, which compress the spongy 
mass tt^cthcr, and force out the . 
liquid slag. The metal is then 
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rapidly passed through the rolling mill, fig. 171, which still 
further reduces the size of the block or bloomy as it is called, 
and fashions it into rods, rails, or plates, as may be de- 
sired. The extent of the alteration of the pig-iron by the 
puddling process may be seen from the following analyses : — 

Original Fig-Iron. Fuddled Iron. 

Carbon, 2*28 0*30 

Silicon, 2-72 0*12 

Phosphorus, 0*65 0*14 

Sulphur, 0-30 0-13 

Iron, 94-05 09-31 

The duration of the process, and the amount of puddled 
metal yielded, vary with the character of the original pig; 
if this is very impure much longer time is needed, the waste 
of oxide of iron is greater, and the yield of puddled metal is 
proportionately diminished. The loss of weight may be 
stated at about 10 per cent., and the amoimt of coal required 
as about equal to that of the puddled metal produced. The 
general nature of the slag or tap cinder will be evident from 
the following analysis : — 

Ferric oxide, 8*27 

Ferrous oxide, 06*32 

Manganous oxide, 1*29 

Alumina, 1*63 

Lime, 3*91 

Magnesia, 0*34 

Silica, 7-71 

Sulphur, 1-78 

Phosphoric acid, 8*07 

99-32 

Many attempts have been made to improve the puddling 
process (which was introduced by Cort in 1784), more par- 
ticularly with the object of lightening the labour and ac- 
celerating the operation. One of the most ingenious and 
successful of the proposed methods is to effect the incorpora- 
tion of the oxide with the metal in a revolving cylinder lined 
with a mixture of lime and haematite. The purified iron is 
worked into a single ball, which is afterwards treated under 
the hammer as above described. The product of these opera- 
tions is known as puddled bar; in order to produce what is 
termed finished or merchant \\ot^, ^iXi^ \svsi\ai \\aa to be. re- 
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healed. Tlie bare are cut into short lengths, bound togetber 
by a ^re into pHea, and beated to the softening point on 
the beartb of a reverberatoiy or reheating furnace (fig 172). 




The bed of the furnace is formed of sand, and slopes grad- 
vaily towards the flue, m order to allow the slag formed 
by the union of the «bca of the hearth with the scale of 
oxide of iron on the bar to flow out at the bottom of the 
stack or chimney The softened iron is then hammered and 
passed through the roUing mill, and is thus vclded into a 
compact mass. The process of piling and reheating is re- 
peated once or twice, and even oftener in the higher qualities 
of merchant iron, £taek jdate, or the thin iron sheet used 
in the manitfacture of tin plate, Is made by rolling oat the 
blooms in the forge train; boiler plates, and the slabs of iron 
tised for ships' armour, are similarly rolled and hauunered. 

The change in physical and chemical properties in the 
iron resulting from this treatment is very marked. When 
a rod or bar of merchant iron is notehed with a chisel, and 
broken across by a gradual strain, it is seen to possess a 
peculiar fibrous structure, to which much of the great 
strength and ductility of the metal is probably due. Puddled 
bar shows no such regularity of structure; its fracture is 
crystalline and shining, like that of cast-iron. A Etout rod 
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of good mercliant iron may be twisted and bent when cold 
in the most extraordinary manner without the slightest 
fracture; boiler plates made of such iron have been known 
to fold rather than break under sudden pressure. The 
characteristic structure of iron may be made manifest by 
immersing it in dilute acid for three or four days. 

The influence of the substances, such as carbon, silicon, 
phosphorus, etc., which are invariably contained in greater 
or less quantity in commercial iron, has given rise to much 
discussion. A comparatively small quantity of sulphur in 
iron makes it red-shorty that is, renders it liable to crack 
under the hammer at a high temperature; on the other hand, 
the presence of phosphorus to the extent of one part in a 
thousand causes the metal to crack when worked cold, or 
makes it cold-short. Cold-short iron may often be readily 
worked at a high temperature, and red-short iron is usually 
very tough when cold. Silicon, which is often present to a 
considerable amount in iron, greatly diminishes its tenacity. 
It has been found that the amount of sulphur in pig-iron is 
diminished as the slags formed in its production are made 
more basic by the addition of limestone. One of the most 
successful methods of removing phosphorus and silicon from 
pig-iron consists in running it from the blast furnace into 
troughs containing a thin layer of very finely-powdered fluor- 
spar and red haematite. The nature of the reaction which 
thus takes place is not known; it is said that fluorine is 
evolved from the mixture which carries off the phosphorus 
and silicon as phosphorus and silicon fluorides. 

ProdtLction of wrought-iron directly from the ore. — The 
present system of manufacturing iron, which consists, as we 
have seen, in first making an impure metal and purifying it 
by refining, puddling, and reheating, owes its origin mainly 
to the peculiar character of our iron ores and fuel. In the 
early days of iron smelting, malleable iron was produced 
directly from the ores by a method which is still carried on 
in a few isolated localities where the ores are rich and readily 
reducible, and wood is abundant. The Catalan forge, repre- 
sented in fig. 173, may be taken as a type of these early 
smelting hearths. The hearth is partially filled with ignited 
charcoal, ore is then added, and the blast is turned on. 
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The iron oxide is gradually i-educed to the metallic state 
by the carbon monoxide fovmed, and the silica, which exists 
mainly as quartz in the ore, combines with another portion 
of oxide to form an easily-fuaible slag of basic ferrous silicate 
which runs off through a tap-hole at the bottom; the tem- 
perature of the hearth is not high enough to fuse the metal, 
or eren to cause it to combine with sufficient carbon to 
liquefy it. When the charge has been reduced, the spongy 
mass of iron is rolled into a ball aa in puddling, and ham- 
mered into a bloom. 
The metal thus ob- 
tained is compara- 
tively pure, although 
it usually contains 
more carbon than is 
present in ordinary 
wrought - iron. The 
amount of this con- 
stituent may, howevei^ 
be diminished at will 
by altering the inclina- 
tion of the twyer, and 
allowing the slt^ to ac- 
cum ulate in the hearth, 
conditions which are 
favourable to the de- 
carbonization of the 
metal, and the conse- 
quent production of 
soft iron. Only about Pig- 173. 

three-fourths of the iron in the ore is obtained as metal, the 
remaining fourth being expended in fluxing the silica, etc. 

Conversion o/iron into steel. — Steel is an alloy of iron with 
a carbide of iron: the amount of carbon may vary from 0'3 
to 1'5 per cent^ Below this limit it passea into wrought- 
iron ; when containing more than the superior limit of car- 
bon, it loses some of its distinguishing properties, and 
assumes those of cast-iron. In a limited sense, therefore, 
steel may be said to be the connecting link between cast 
and wrought^iron. The presence of this combined carbon in 
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the metal renders it extremely hard and "brittle after having 
been heated and suddenly cooled : perfectly pure iron is not 
altered by this treatment. If steel so hardened be again 
gently heated and slowly cooled, it becomes highly elastic; 
cast-iron may be hardened by being chilled, but it cannot be 
made elastic by any process of tempering. Perfectly pure 
iron, although highly magnetic, does not retain its magnetism; 
steel; however, may be made permanently magnetic, and its 
power of retaining magnetism appears to increase with the 
proportion of carbon it contains. The tensile strength of 
iron is also increased by an admixture of carbon up to a 
certain point. Ordinary bar-iron has a tensile strength of 
about 25 tons per square inch : the steel which is used for 
the manufacture of the best boiler plates contain about four 
parts of carbon per thousand, and has a tensile strength of 
from 40 to 45 tons per square inch. 

Steel may be made directly from the ore, as in the Catalan 
forge, or from cast-iron by the refinery or puddling processes, 
by merely limiting the extent of the oxidation of the carbon. 
IJnless the ores employed are exceedingly pure, the steel 
thus obtained is of low quality, on account of the presence 
of impurities. More frequently, therefore, steel is produced 
from refined iron by adding to it the necessary amount of 
carbon. Two methods of effecting this object are in common 
use : the refined iron is either melted with a known amount 
of highly-carburetted iron (speigeleisen), as in the Bessemer 
])rocess ; or it is simply heated to a temperature below its 
fusing point with carbonaceous matter, as in the cementation 
process. 

In the cementation process bars of iron, about 3 inches 
broad and f of an inch thick, are placed together with 
powdered oak or birch charcoal in rectangular chests made 
of flags or fire-brick, which are then exposed to a long-con- 
tinued high temperature. The cementation furnace is seen in 
^g. 174; NN are the covered pots or troughs, round whicb 
the flame from the fireplace c circulates : the products of com- 
bustion make their escape through the fluos EE into the dome- 
shaped stack F. The charge of the bar-iron is usually intro- 
duced through a man-hole, seen at G, which is walled up during 
the heating; a liolo is left in tho ond of each trough through 
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wliicli one of the heated bars projects : this bar is withdi-aTvii 
from time to time j its appearance indicates the progress of 
the conTerdon. The 
troughs are heated from 
a week to ten or eleven 
days; the duration de- 
pends upon the character 
of Bteel which is needed, 
the more highly-carbu- 
retted steels requiring 
the longest treatment. 
The assimilation of the 
carbon is said to com- 
mence at about 1000°, 
and is most active at 
about the melting point 
of copper, viz., at 1200°. 
From 10 to 12 tons of 
iron ato operated upon 
at once, and the process 
occupies, on the average, 
about three weeks: two 
to three days being re- 
quired for tho chests to 
attain to the proper tem- 
perature, and nearly a 
week for the chaige to . 
cool down. The product " 
of theoperatioa is known 
as bliiter ated, ^m the 
peculiar appearance pre- 
sented by the bars; in 
physical properties it 
differs in many respects 
from the original iron; Tig 174 

its specific gravity is less, and its colour, aa seen on a 
fractured surface, is found to have changed from a bluish- 
white to a reddish-white; it is leas lustrous than the re- 
fined iron, and has a crystalline scaly texture. This pro- 
cess, in all probability, depends npon the fact that iron at 
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a high temperature is permeable to gases : carbon dioxide is 
first formed by the combination of the carbon of the cement 
powder with the oxygen in its pores, and this gas is con- 
verted into the monoxide by union with an additional 
quantity of carbon; in contact with the iron a moiety of 
the carbon is deposited, and the dioxide is regenerated; this, 
again, combines with a fresh portion of the carbon of the 
cement-powder, which is transferred to the metaL The oxy- 
gon of the air thus acts as a carrier of carbon to the metaL 

The operation known as case-hardening is a rapid process 
of cementation, resulting in the formation of a superficial 
layer of steel upon the iron, and is efiected by heating the 
iron for a few hours with carbonaceous matter containing 
nitrogen, as horns, bones, or scrap leather. Potassium ferro- 
cyanide, which is obtained from such nitrogenous matter, is 
also frequently used. The iron is heated to redness, and the 
powdered salt is sprinkled over ib : when suddenly cooled, 
the surface of the metal is found to be hard enough to resist 
the file. 

Manufacture of cast-steel. — Tlie steel produced by the 
cementation process is not very homogeneous, the internal 
portions of the bars being frequently much less perfectly 
carburetted than the external portions. In order to obtain 
it of uniform composition the metal is broken up, and either 
piled or fagotted, as in making malleable iron, when it is 
termed shear-steel, or it is melted in crucibles made of a 
mixture of Stourbridge or other good fire-clay and plumbago, 
and is poured into cast-iron moulds, forming what is known 
as cast-steel, 

A small quantity of a carbide of manganese, produced by 
heating a mixture of manganese dioxide with some carbon- 
aceous matter, such as charcoal, pitch, or resin, is occasion- 
ally added to steel in the process of melting. Although the 
greater portion of the manganese remains in the slag of the 
melting pot, the steel is rendered more tenacious than ordi- 
nary cast-steel, and may be welded to iron. A considerable 
quantity of cast-steel is also made directly from malleable 
iron by the process introduced by Mushet, that is, melting 
it with charcoal and manganese dioxide in clay crucibles. 

Castings of steel, although apparently homogeneous, always 
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contain iutemal cavities, in greater or less number, whicli 
detract greatly from the Btreugth of the material. The for- 
mation of the flaws is obviated by subjecting the casting, 
whilst stUl hot, to intense pressure : the difference in appear- 
ance of the compressed steel and tluit of the oixlinary casting 
ia very striking. 

ifanufactwre of tteel by the Bessemer process. — In Bes- 
semer's method the molten pig-iron is purified hj blowing 
air through it ; as soon as all the carbon and silicon are 
oxidised, a quantity of molted apiegeleisen, containing an 
amount of carbon snfficient to convert the iron into steel, 
ia added. Fig. 175 represents the e^-shapcd vessel 




Pig. 175. 

verier in vhioh the process is canied on. It is made of 
wrought^iron plates riveted together, and is lined with some 
refractory material, highly siliceous sandstone fixim the coal 
measures, called ganieter, being usually employed. The 
ganister, previously ground to powder, is moistened with 
water to make it cohere, and rammed down between tlio 
iron shell and a. wooden cono, iilaced tomiioi'arily witbiu, 
10-11. 2 A 
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Tlio converter is supported on trunnions, and can bo turned 
vertically through an angle of about 180® by a hydraulic 
engine, to the piston-rod of which is attached a rack which 
works on the pin of the trunnion, as seen in ^g. 175. The 
air-blast passes up the hollow ti-unnion E and along the 
pipe 6, and enters the converter through a number of holes 
in the fire-brick twyers a a. The converter is first partially 
filled with ignited coke to heat the lining to redne^ ; it is 
then tilted over to throw out any residual fuel, and the charge 
of 5 or 6 tons of molten pig-iron is run into it. The blast is 
turned on, and the converter raised to a vertical position. 
A sheet of flame is seen to issue from the mouth of the con- 
verter : its colour is at first yellow or orange, but it gradu- 
ally changes to blue or violet, as the amount of carbon 
monoxide increases. The changes in the appearance of the 
flame are indicative of the nature of the reactions within 
the converter. The graphite in the molten pig is first con- 
verted into combined carbon ; at the same time the silicon 
is oxidised, and combines with iron and manganese oxides, 
forming a cinder similar in composition to that of the 
jmddling furnaces. In about five minutes after the com- 
mencement of the " blow," the flame is seen to increase in 
brilliancy, and showers of sparks issue from the converter: 
tliese consist of particles of iron and slag projected from the 
molten mass. The contents of the converter are in a state of 
violent ebullition, due to the energy of the reaction of the 
iron oxide upon the carbon, resulting in the rapid disengage- 
ment of carbon monoxide. The reaction now proceeds more 
cjuietly until, after about eighteen or twenty minutes blowing, 
ilio flame is seen to drop from the cessation of the evolution 
of tlie carbon monoxide, a point which may be ascertained 
v/ith gi*eat ease and certainty by the disappearance of certain 
lines in the spectrum of the flame, due to oxide of manganese. 
The converter is now swung down to the horizontal position, 
the i)roper charge of speigeleisen introduced, and the con- 
tents of the converter emptied into the ladle (fig. 176). The 
ladle is next brought over the cast-iron ingot moulds, placed 
on the bottom of the casting pit, and the molten metal is 
allowed to flow out by raising a fire-clay plug at the bottom, 
the specifically lighter slag floating at the top. 
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JxL BUkntL^bctiiriiig a&eeL hj tlie 'BesoBBse mfidiodv is is 
etaential chas tiie pig-iroc to be operated izptJiL ^utH be as 
free 2S pMftihie from. anlpiiTir arji pho^hcma. asce tLe 
greater portiijn of these imptcricies remaia in the iron at the 
e6iveitku/«n. of the blow, azui detract fn^m. the qxxality of the 
netaL A minnte portion of aOicon aeems to pre^cxit the 
rapid dL^i«i^agi&xxient of gaa from the steel afta- it has been 
pr^^ired into the ingot motdd, and thtis toida to |«odiice 
iotmd ingots; in praetke it ia fonzzid that the reqoisite 
qoantit J c4 silicon is eontaiz&ed in the speigeiaaaL added. 

Enormons quantities of 'Beaaener ateel are now made 
for conTersion into rails and railwaj tires. The cast^ron 
is ran directly from the blast furnace into the co nial er; 
and the steel ingots, obtained as described, are placed in a 
reheating famace, in contact with a smoky flame to prevent 
burning, passed through the rolling mill, and fashintied into 
the re<|nired shape bj the finish ing milL 

The ]>TopoTtion of carbon in the steel has scdi an im- 
portant inflaence npon its properties that it is ocnstsntlj 
necessary to determine its amoont by chemical sna]ysi& The 
moHt simple and expeditions process is that doe to Eggertz: 
It is founded on the fact, already mentioned, that iron con- 
taining combined carbon dissolves in nitric add with a brown 
C(Aor}Tf the depth of which is proportionate to the quantity 
of carbon prf;sent. The colour produced is then compared 
with that of a standard tint, equivalent to a known quantity 
of carbon. Two thin test-tube^ made of the same glass, are 
graduated into tenths of a cubic centimetre. One decigram 
of steel or wrought-iron, the amount of carbon in which is 
accurately known, is placed in a test-tube, and covered with 
about 2c.c. of moderately dilute nitric acid ; a decigram of 
the steel or iron, the amount of carbon in which has to be 
determined; is similarly treated in a second test-tube. Both 
tubes arc gently heated until all action is at an end, when 
the brown solutions are decanted into the graduated tubes. 
Let us assume that the standard iron contains 0*5 per cent, 
of carbon; its solution is therefore diluted until it measures 
Cc.c: Ice. is equivalent to 0-0001 gram carbon. Water is 
added; drop by drop, to the solution of the iron to be com- 
pared until the depth of colour is equal to that of the 
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s bandar J; since eacli cubic centimetre is equal to 0*1 per 
cent, of carbon, a simple inspection of the volume of the 
solution in cubic centimetres indicates the percentage amount 
of carbon contained in the sample under examination : thus^ 
supposing the volume of the solution was 3*5 c.c , the iron 
would be said to contain 35 per cent, of combined carbon. 
Pure iron is a comparatively soft, tenacious, highly-malle- 
able metal of a silvery lustre, and conchoidal or crystalline 
fracture. According to Caron, its specific gravity, after fusion 
in hydrogen, is 7*880; when forged, 7*868; when drawn into 
wire, 7*847. Iron, obtained by electrolysis, has a specific 
gravity of 8-139. The pure metal is not hardened by being 
heated and rapidly cooled; and it dissolves in acids with the 
production of hydrogen free from odour. It appears to rust 
more readily than ordinary malleable iron. The rusting of 
iron is primarily due to the action of carbonic acid, and not 
simply to moisture and oxygen : it appears that the metal 
readily combines with moist carbonic acid forming the normal 
carbonate, which is quickly oxidised to ferric oxide in pre- 
sence of moist air, the liberated carbonic acid attacks a fresh 
portion of the metal, and more oxide is formed, so that 
eventually the whole becomes converted, by the alternate 
formation of carbonate and oxide, into a loosely coherent 
mass. The behaviour of iron with nitric acid is very remark- 
able. The nature of the reaction varies with the dilution of 
the acid, and with its temperature. With very dilute acid 
hydrogen is evolved, and a ferrous salt is produced; if the 
acid is stronger or the solution becomes heated, nitrogen 
dioxide is formed, together with a ferric salt. Nitric acid, 
of a certain degree of concenti'ation, and at a particular tem- 
perature, has no action upon iron; that is, the metal becomes 
passive. The temperature at which this phenomenon occurs 
depends upon the strength of the acid : with nitric acid of 
specific gravity 1*38, it is at 31^; with colourless acid of 
specific gravity of 1*42, it is at 55°. The presence of lower 
oxides of nitrogen in the acid also influences the tempera- 
ture at which the iron becomes passive : thus with red fum- 
ing acid of specific gi'avity 1*42, the metal is unacted upon 
up to 82® (Ordway). The effect of cold uj)on malleable 
iron has been variously stated: the experience of rail- 
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ikimS fj[ Fair^A»"*n , Xi^tlL* ^Lid Cafqii. K:fti? wiik the sfweal 
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and ferric crryk-, FeJJ^z a nimcvs- ciT cecircKinds mtenne* 
diate t»ecwecxL these are kziacum, cStief amoo^ wiudi is the 
loagDetie oxide cr trifiaric teoaxiie. Te.fi^ A trioxidey 
FeOjy exisCB in ccmbinatioa, gi^iog lise to a senes cf salts, 
tenad ferrases : the oxide itsd^ hoireTcr, is not known in 
a li^^par&te state. 

Pernras Qzidey FeO cr Fe«0^. is a bl^ck powder, obtained 
bjr beatug the metal in cazV^n dioxide: 

Fe+CO,=CO^reO; 

or b J partial reduction of the ferric oxide, or b j beating the 
oxalate oat of contact with oxygen. It is Teiy unstable, and 
takes fire on exposure to air, espedaHv when heated, ffHrming 
ferric oxide. Ferrous hydimte is obtained as a white jH^e- 
cipitate by mixing solntions of a ferroos salt and caustic 
potash both perfectly free from air. It rapidly absorbs 
oxygen, even when diy, becoming hot, and changing to ferric 
oxide; it appears to be very sightly soluble in water; its 
MT^lution has an alkaline reaction, and absorbs carbonic add. 
Both the oxide and the hydrate are attacked by the greater 
number of acids, forming ferrous salts, which are usually 
white when anhydrous, and green or greenish-blue when 
hydra ted. 

Ferric Oxide, FcgOs, is exceedingly abundant in nature, 
and forms one of the principal sources of the metaL Some 
of itB varieties, e.g,, red haematite and specular ore have 
already been mentioned. It is obtained artificially by a 
variety of processes, and is frequently procured as a bye- 
product in manufacturing operations, as in making sulphuric 
acid from pyrites, etc. The caput mortuum vUHoli of the 
alchemists, obtained by heating ferrous or ferric sulphate in 
the preparation of fuming sulphuric acid, is fenic oxide (see 
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Vol. i., p. 327). The ferrum oxydatum ruhrum of pharmacy 
is also ferric oxide, prepared by heating ferric hydrate or fer- 
rous carbonate in contact with air.' The preparations thus ob- 
tained are exceedingly hai*d, and are much used as polishing 
powders. Ferric oxide is also used to colour glass and porce- 
lain; it gives an orange or a purple-red colour, according to 
the temperature and mode of ti'eatment. 

In the amorphous state, ferric oxide is a red or brownish- 
red, or even black powder; the particular colour depends upon 
the manner of its prepai-ation. Its specific gravity is also 
variable: the extremes recorded are 4*679 and 5-283. Ac- 
cording to Eisner it can be volatilised in the heat of a 
porcelain furnace; at a very high temperature it is partially 
converted into a ferroso-ferric oxide. It is readily reduced 
on heating with hydrogen, carbon monoxide, or ammonia. 
Sulphuretted hydrogen converts it into a sulphide : pseudo- 
morphs of iron pyrites, derived from haematite or specular 
ore, are occasionally foxmd native. Ferric hydrate also 
occurs naturally in large quantities, as limonite, gothite, etc., 
and may be prepared by mixing solutions of ammonia or 
caustic potash with a ferric salt. It is a yellowish or 
brownish-red powder, its colour varying with the manner of 
its preparation and degree of its hydration. Both the oxide 
and the hydrate are soluble in acids, especially in hydro- 
chloric acid : by prolonged heating the solubility of the oxide 
is greatly diminished. If the brownish-yellow ferric hydrate, 
prepared by adding ammonia to ferric chloride, be boiled 
with water for several hours its colour changes to brick-red, 
and it becomes difficultly soluble in strong nitric or hydro- 
chloric acid. Dilute acids dissolve it, forming a dark-red 
liquid which appears to be turbid when seen by reflected 
light; on the addition of a strong acid, or a solution of 
common salt, it forms a red precipitate which dissolves on 
immediate dilution with water. If the precipitate be left 
for some days in contact with i^he saline liquid it becomes 
insoluble. The solution in acetic acid, after being heated 
for some time, is not darkened in colour on the addition of 
a sulphocyanate, nor does it form Prussian blue with po- 
tassium ferrocyanide solution (P^an de Saint-Gilles). A 
solution of this modified oxide in hydrochloric acid, when 
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submitted to dialysis, is dissociated, ferric oxide soluble in 
water remains on the dialjser, and hydrochloric acid passes 
through into the outer liquid. 

Ferric hydrate is reduced by organic matter in process of 
decomposition, but in contact with air it is quickly reoxidised ; 
it thus acts as a carrier of oxygen from the air to the organic 
substance, and greatly promotes its decomposition : the rapid 
decomposition of humus and woody fibre in many ferruginous 
soils is thus brought about. Ferric hydrate behaves like 
alumina in contact with many colouring matters, and is 
accordingly used as a mordant; its affinity for organic matter 
is seen in the formation of iron-mould on linen, cotton, etc. 

Ferric salts are usually white when anhydrous, and yellow 
or reddish, or brownish-yellow in the hydrated state. In 
solution their colours are extremely variable: the nitrate 
and fluoride are colourless; the chloride is brown-red; and 
tlio acetate, sulphocyanate, and meconate are deep-red. 
The addition of hydrochloric acid to ferric chloride solution 
changes its colour to intense yellow, especially on heating: 
this colouration is destroyed on the addition of sodium 
l>hosphate. 

Perroso-ferric Oxides. — A number of oxides of the gene- 
ral formula Fe„On+i, intermediate in composition between 
ferrous and ferric oxides, are classed together under this 
name. When a piece of iron is heated to redness in air a 
" scale " is formed upon its surface, the composition of which 
varies with the thickness of the mass and the duration of the 
heating. The outer portions of the "scale" are always more 
oxidised than the inner portions : the innermost layers have 
a constant composition, represented by the formula FcgOg, 
i.e., CFeO.FcgOg: the amount of ferric oxide in the outer 
layers varies between 30 and 50 per cent. Products of this 
character are constantly met with in the hearths and beds of 
furnaces employed in the manufacture of iron: a mass of 
steel-grey crystals occurring in a Caiinthian blast furnace 
was found by H, Volkcr to have the composition FejiOj^ = 
9FeO.Fe203. 

Triferric Tetroxide, or Magnetic Oxide of Iron, FcgO^. = 
FeO.FcgOg, is one of the most valuable ores of iron (p. 337). 
It is formed artificially when iron is heated to redness in 
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Bteam, or when it is burned in oxygen gas : as thus obtained 
it is a black, amorphous, strongly-magnetic mass. It may 
be obtained in octahedrons, together with ferrous chloride, 
by heating ferrous oxide in a slow stream of hydrochloric 
acid gas ; by heating ferrous sulphite with calcium chloride 
in a covered crucible; or by fusing ferric phosphate with 
sodium sulphate. 

The JSildcyps martialts of pharmacy is 9, variable mixture 
of ferrous and ferric oxides, made by igniting ferric oxide 
with iron filings or with oil. 

A number of ferroso-ferric hydrates are also known. Tlie 
dingy green colour which moist ferrous hydrate assumes in 
contact with air, is due to the formation of one of these 
bodies. It is very unstable, and quickly passes into the red 
ferric hydrate. A black hydrate, of the composition FcgOy 
FeO + ajHgO, is formed by dissolving the magnetic oxide in 
hydrochloric acid and adding ammonia, or by mixing ferrous 
and ferric salts, adding ammonia, and boiling. The moist 
ferroso-ferric oxide has a remarkable power of absorbing 
certain salts and organic matters from solution : when the 
oxide is ignited its absorbent power is greatly diminished. 
This property may possibly be taken advantage of in the 
purification of water. The oxide is magnetic even when moist. 
It is doubtful if the ferroso-fenic oxides or hydrates, when 
dissolved in acids, yield definite salts : the probability is that 
the sohitions are merely mixtures of ferrous and ferric salts. 

321. Ferrates. — These salts are assumed to contain ferric 
oxide, FeOg, but neither this compoxmd nor the correspond- 
ing acid, HgFeO^, have yet been isolated. 

The formation of a purple-coloured solution when iron is 
heated with nitre and the mass treated with water, appears 
to have been observed by Stahl, but the true nature of the 
compound thus formed was first demonstrated by Fremy in 
1840 : he showed it to consist of potassium ferrate, KgFeO^. 
This body is formed by throwing a mixture of 1 part of 
iron filings and 2 parts of nitre into a crucible heated to dull 
redness : on treating the residue with water the ferrate dis- 
solves. A readier method consists in suspending ferric oxide 
in a very strong solution of caustic potash and passing 
chlorine into the liquid; the oxide is gradually converted 
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Into potaBsIum ferrate, wMch, being almost insolubl 
strong alkaline liquid, separates out as a black poirde 
may be dried on a porous tile. It is soluble in watc 
ing a deep clieny-red solution, which is almost 0[>aqu< 
-when seen in thin layers. The solution is stable w] 
ccntratcd, but on dilution it readily decomposes wit 
tion of oxygen and precipitation of ferric oxide. B 
agents and organic matter also decompose it ; sulp] 
liydi'ogen and auinjonium sulphide turn the strong 
gi-ecn ; on heating it becomes brown, but the green i 
restored as the liquid cools. 

BBritim Ferrate, BaFeO^, ia a deep-red powder, 
by addinn; barium chloride to a solution of potassium 
It is moderately stable, and may be heated to 100° 
alteration, even when moist, and is soluble in act 
without decomposition. 

323. Perroua Chloride, FeCl, or FejCl^, is obtain* 
drous by cautiously heating sublimed ferric chloridi 
hydrogen gaa ; by passing chlorine over excess of 
iiigB ; or by heating finely-divided iron with sal-am 
It foiTus whito crystalline deliqiiescont scales of 
gravity 2-528 (Filhol); it melts at a red heat, and 
sublimed. It is readily soluble in water and alcobo' 
decomposed on heating with aqueous Tapour, fom 
feme tetroxide, hydrochloric acid, and free hydrogen 

3FoClj+4H,0=re304+6HCl+H, 
It absorbs ammonia gas, forming ferrammOlliiun C 
which, on exposure to moist air, yields ferric Ozy( 
and ferrio-aminoniuin chloride, 4NHjCl.F05Cla.2H5O 
ammonium chloride, heated nearly to redness, yiel 
nitride, NjF^, in thin lamime, or as a grey powd. 
compound is slowly decomposed by boiling water, an 
ammonia and feiTOso-fcrric oxide when heated in 
vapour. Ammonia is likewise formed when the n 
heated in hydrogen gaa. According to Stahlachm 
substance may also bo obtained by the action of a 
gaa on metallic iron, or on ferric oxide; ho is of opin; 
it is occuaionally present in steel. 

llydmtcd fciTous chloudo, FeC);.4HB0, is rem 



FEBBIC CHLOBIDE. 379 

tained in bluisli-green monoclinic crystals by concentrating a 
solution of iron in hydrochloric acid. The salt unites with 
the alkaline chlorides to form compounds which may be 
regarded as derived from the hydrate by partial replacement 
of the water of crystallization. The salte actually prepared 
have the formulae FeCl2.2KCl.2H2O. and FeCl2.2NH4Cl. 
2H2O. A remarkable compound of the composition FeClg. 
C2H4.2IT2O. is known : it is obtained by heating an ethereal 
solution of ferric chloride to 1 50^ ; it is readily soluble in 
water, and rapidly oxidises on exposure to air. 

Ferric Chloride, Fe2Cl^, has been observed to occur in the 
craters of active volcanoes, and may be obtained artificially 
by the direct union of chlorine and iron, or by dissolving 
iron in hydrochloric acid and treating the sohition with 
chlorine gas, evaporating to dryness, and heating the residue, 
when the chloride sublimes and condenses in the form of 
black iridescent deliquescent laminae. Ferric chloride is 
readily soluble in water with considerable rise of tempera- 
ture : it forms a dark-brown liquid, which on evaporation 
yields crystals containing a variable amount of water. The 
solution is decomposed on heating, especially if dilute, into 
the modified (colloidal) ferric oxide, which remains in solution, 
and free hydrochloric acid. If liie solution be moderately 
concentrate, and the temperature be maintained below 120°, 
the ferric oxide and hydrochloric acid recombine on cooling, 
forming fenic chloride; at high temperatures ferric oxy- 
chloride, and eventually insoluble ferric oxide, are formed. 
In the case of very dilute solutions (below 2 per cent.) the 
dissociation takes place below 100°, and the colloidal oxide 
and free acid remain separate on cooling. This dissociation 
takes place even in strong sunlight and at ordinary tem- 
peratui-es, in solutions of less than one-sixteenth per cent, 
strength. 

Ferric chloride is reduced to ferrous chloride by sulphur 
dioxide, stannous chloride, metallic zinc, silver, and platinum, 
and many organic substances. It is soluble in alcohol and 
ether. Its solution readHy coagulates albumen, and it is 
used in medicine on account of its strong styptic action. 

A solution of feme chloride dissolves considerable quan- 
tities of ferric hydrate, with formation of a deep-red liquid, 



380 INOBOAKIC CHEMISTBT. 

duo to tlic presence of basic chlorides of variable com2)osi- 
tion. 

Ferric chloride combines with the alkaline chlorides to 
form double salts, and it absorbs ammonia gas with rise of 
temperature, producing 2NH3.Fe2Clg. It also unites with 
cyanogen chloride and phosphorus pentachloride. 

Bromine unites with iron to form ferrous and ferric 
bromides, which are similar in properties and constitution to 
the corresponding chlorides. 

323. Ferrous Iodide, Feig, which is used to some extent 
in medicine, is readily prepared by triturating iron with 
iodine and water. Its solution yields green crystals of the 
composition Felg.SHgO, which become brown on exposure to 
air, from the separation of iodine and fenic oxide. The 
solution dissolves iodine, forming a brown liquid; ferric 
iodide has, however, not yet been satisfactorily isolated. 

324. Ferrous Fluoride, FeFg-icHgO, is formed by dis- 
solving iron in hydrofluoric acid; it crystallises in thin 
colourless plates, which may be dried without decomposition. 
It combines with alkaline fluorides to form double salts of 
the genenil formula FeF2.2MF. 

Ferric Fluoride, FcgF^^, is obtained by dissolving ferric 
hydrate in aqueous hydrofluoric acid. It forms stable flesh- 
coloured ciystals, which melt readily and may be volatilised, 
and it unites with the alkaline fluorides to form double salts. 
No compound analogous to cryolite has, however, yet been 
prepared. 

325. Octoferric Sulphide, FogS, is a dark-gi-ey magnetic 
])owder, fonned by passing hydrogen gas over strongly-heated 
basic ferric sulphate. Dehydrated ferrous sulphate, similarly 
treated, yields a hemisulphide, FogS, which is also magnetic : 
this body is obtained as a bye-product in lead and copper 
Binolting. 

Ferrous Sulphide, FcS, is not known to occur native in 
the free state, except in meteoric iron, constituting the 
so-called triolite. It is found, however, in a state of com- 
bination with nickel and copper sulphides in certain Nor- 
wegian minerals. It may readily be obtained artificially 
by the direct union of sulphur and iron : sulphur vapour 
passed over heated iron combines with the metal, and a roll 
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of sulphur pressed against a rod of iron heated to redness 
forms fused ferrous sulphide. The two elements combine, even 
at ordinary temperatures, if finely divided and moistened. 
As usually obtained, it foims a black porous mass, but it is 
occasionally produced in minute crystals resembling quartz. 
It may be heated to whiteness in closed vessels without altera- 
tion : heated in contact with air it is converted into a mix- 
ture of ferrous sulphate and ferric oxide. On the addition of 
hydrochloric or sulphuric acid it evolves sulphuretted hydro- 
gen. The mud which forms at the bottom of cesspools and 
drains mainly owes its black colour to the presence of ferrous 
sulphide, formed by the reduction of sulphates by decompos- 
ing organic matter in presence of iron oxides, either in the 
water or in the soil. 

Ferric Sulphide, Fe^Sg, is formed by heating iron with 
excess of sulphur : it is a yellowish -grey non- magnetic 
powder. It exists in nature in union with copper sulphide, 
forming copper pyrites, CujS.Fe^Sj. 

Ferroso-ferric Sulphide, or Magnetic Pyrites, is found 
native in tabular crystals belonging to the hexagonal system, 
of a brownish-yellow colour. It is slightly magnetic, tar- 
nishes in the air, and is dissolved by acids with evolution of 
sulphuretted hydrogen and separation of sulphur. Heated 
with strong alkalies, a portion of the sulphur is abstracted 
and ferrous sulphide remains. The ferroso-ferric sulphides may 
be classed under the generic formula Fe^S^ + FCnSn^i, the most 
commonly-occuiTing proportions being Fe^S^ = Fe^Sg-FeS, 
Fe7S3 = 5FeS.Fe2S3, and FcgS^ = G FeS.Fe^S,, the latter cor- 
i*esponding to the " scale oxide." 

Iron Bisulphide, FeSg. — This compound occurs naturally 
in two distinct forms, viz,, as yellow iron pi/rites or mundic, 
which crystallises in forms derived from the regular system ; 
and as white iron pi/rites, or marcasite, which is foimd in 
triclinic crystals. The conditions which determine the for- 
mation of the particular variety are unknown. 

Mundic is heavier and much more permanent in the air 
than marcasite. Its streak is browmsh-black, whereas that 
of marcasite is a dark greenish-grey. Both foims when finely 
divided and in contact with water undergo rapid oxidation, 
with considemble rise of temperature : seams of coal, and 
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lignite rich in iron pyrites, have occasionally been ignited 
from this cause. The water derived from coal mines fre- 
quently contains considerable quantities of ferrous sulphate, 
derived from the oxidation of the disiUphide : the ferrous 
sulphate met with in certain mineral waters is probably 
formed in the same manner. 

Iron disulphide may bo formed artificially as a dark-yellow 
powder by gently heating any of the oxides of iron in a 
stream of 8uli)huretted hydrogen until sulphur is no longer 
absorbed, or in brass-yellow cubes by heating a mixture of 
sulphur, sal-ammoniac, and feme oxide. 

Selenium also unites with iron in varying proportions, but 
the only combination of which the composition is known is 
the ferric selenide Fo^Soj, a greyish-yellow brittle substance 
of sp. gr. 6' 38. 

826. Ferrous Sulphite, FeSOg, is obtained in green 
crystals containing 3 molecules of water by evaporating tho 
solution of iron or ferrous carbonate in aqueous sulphurous 
acid. Normal ferric sulphite is not known; ferric hydrate 
dissolved in aqueous sulphurous acid yields a blood-red liquid 
which quickly changes to a solution of ferrous sulphate. On 
the addition of alcohol to the red solution, a basic salt of tho 

composition ^ w^ > Oq is precipitated. 

327. Ferrous Sulphate, or Green Vitriol, FeSO^, is occa- 
sionally found native as a product of the oxidation of iron 
])yritcs, and may be readily obtained artificially by dissolving 
iron in dilute sulphuric acid. Much of the gi'cen vitriol of 
commerce is obtained as a bye-product in the manufacture of 
alum from aluminous schist (see p. 241). The degree of 
hydration of the salt depends upon tlie strength of the solu- 
tion, the temperature of the liquid, and the amount of free 
acid present. The salt usually contains 7 molecules of water, 
and forms monoclinio crystals of a bluish-green colour, which 
are tolerably permanent in air if not too dry or too moist ; 
in the former case the salt loses water; in the latter it be- 
comes coated with a brownish crust of ferric sulphate. The 
Bait loses 6 molecules of water by prolonged drying at 100^, 
but retains the seventh up to 300*^. Anhydrous ferrous 
sulphate may be formed by boiling the ordinarv salt witl^ 
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strong oil of vitriol. A solution of ferrous sulphate mixed 
with oil of vitriol, and placed in vacuo, gradually deposits 
the salt with diminishing quantities of water of crystalliza- 
tion; a pentahydrate in triclinic crystals; a tetrahydrate in 
monoclinic crystals; a trihydrate and a dihydrate (the latter 
isomorphous with the dihydrated calcium sulphate) may be 
thus obtained. The prolonged action of the sulphuric acid 
gives rise to the formation of white crystals of feiTous anhy- 
drosulphate, FeSjOy = FeSO^.SOg. The heptahydrated salt 
requires about 1 '5 parts of cold water, and one-third of its 
weight of boiling water, for solution. The liquid has a light 
bluish-green colour, and gradually oxidises by exposure to 
air. It may be preserved unaltered ^j suspending scraps of 
iron wire in the liquid. The solution absorbs the dioxide 
and trioxide of nitrogen, forming a dark -brown solution 
which rapidly absorbs oxygen; the production of this colour 
is used as a test for nitric acid (Vol. I., p. 203). Fen*ous 
sulphate forms double salts with the alkaline sulphates of 
the general formula FeSO^.MgSO^.eHgO; a molecule of 
water in the heptahydi-ated salt being replaced by a mole- 
cule of the alkaline sulphate. These salts are occasionally 
used to determine the strength of the permanganate and 
bichromate solutions employed in volumetric analysis (see p. 
343). 

Ferric Sulphate, Fe2(S04)3, occurs native as the mineral 
Coquimbite found in Chili; it has been found in small violet- 
coloured crystals as a deposition in the platinum retorts 
employed in concentrating oil of vitriol. It is almost in- 
soluble in water and hydrochloric acid. The hydrated salt 
may be obtained by dissolving ferric hydrate in sulphuric 
acid, or by adding nitric acid in small quantity to a solution 
of ferrous sulphate. On evaporation it yields a brownish- 
yellow deliquescent mass which is readily soluble in water. 
A number of basic salts are formed by adding ferric hydrate 
to a solution of the ferric sulphate, or by allowing ferrous 
sulphate to oxidise by exposure to air. Ferric sulphate 
forms double salts by union with various sulphates; some of 
these are used in the arts. Iron-ammonium alum, or 

Fe ) 

ammonio-ferric sulphate, /j^2 14S0^.24H20, is used iij 
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dyeing. A corrc8];)onding ]^>ot;a«sium compound exintB, but 
it 18 le88 Ht'ible. Both these compounds give rise to a 
variety of l^ahic salts: a salt of the comjKisition 4(FeJOj^.HO^). 
(KJ^()^YJli./) hiiH Ui(tn found native in certain 'Dohemian 
ligiiit<,'H; and a similar sodium compound occuis in alum 
shales. 

828. Ferrous Nitrate, Fe2N03, may be obtained by 
mixing solutions in equivalent quantities of ferrous sulphate 
and Utrium nitrate, or, with simultaneous formation of 
ammonium nitrate, by dissolving iron in cold dilute nitric 
acid (sp, gr. 1*031): 

Fe4+ 10UNO,=4Fe2NO,+Nn4NO,+3H,O. 

Tliis solution is used in dyeing; when concentrated it 
yields greenish deliquescent crystals. 

Ferric Nitrate, FeNgOg, is fonned by first dissolving iron 
in nitric acid of sp. gr. 1*3, and then adding to the solution 
a r|uantity of still stronger acid (sp. gr. 1'43), when the salt 
s<;fiarates out in colourless prismatic crystals containing 
either G or 9 molecules of water. The crystals melt at a 
low tempei'ature, and lose nitric acid when heated above 
l(H)\ Fenic nitraUi solution dissolves considerable quantities 
of ferric hydrate, forming basic nitrates, 

829.Iron Phosphides. — Threeof these comjiounds are known, 
viz., Fe^Fgj Fe.^P^j ^^^^ Fe^P^. Tlie compound Fe^Pg, corre- 
sponding to the only known nitride, is a light-grey crystal- 
line non-magnetic powder of sp. gr. 5 '74; it may Ije heated 
in hydrog(;n or carbon monoxide without alteration. It is 
obtained by strongly igniting a mixture of ferric phospliato 
and lampblack, and treating the mass with dilute hydro- 
chloric acid. The phosphorus in pig-iron probably exists in 
thin form. The fihosphide, Fe^^Pg, is formed by heating ferrous 
snlplji'le or feme chloride in phosphine: 

2KeS + 2l»H3--=Fe,Pa+2H,.S + Hj. 
h\Vlt + 2P1I, = h\l\ + OHCl. 

Tt is a dark-blue i)owder which bums when heated in the 
air, and is reduced on ignition in a stream of carbon mon 
oxide. 

The compound FcyP^ is a bluish-grey powder formed by 
heating ferrous chluiide in phosphine, SFe^Clg + 4PH3 = 
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FegP^ + 6HC1 + SHj : it bums when heated in the air, and 
loses phosphorus when ignited in hydrogen or carbon mon- 
oxide. 

330. Ferrous Phosphate, FegPjOo, may be prepared by mix- 
ing boiling solutions of ferrous sulphate and sodium phos- 
phate. When first precipitated it is white, but it is gradually 
oxidised on exposure to air and turns blue. This blue com- 
pound is a ferroso-ferrio phosphate, and is found native in 
monoclinic crystals constituting the mineral known as 
Vivianite or blue iron ea/rth: its composition and physical 
properties are very variable, and depend upqn the degree of 
oxidation of the mineral. Yivianite is occasionally met with 
on the surfaces and hollows of fossil bones. An ammonio- 
ferrous phosphate, (NH4)FeP0^, analogous to the magnesium- 
ammonium-phosphate, is obtained in greenish-white crystal- 
line laminae by adding ammonia to recently -precipitated 
ferrous phosphate. 

Ferric Phosphate, FePO^, is a white insoluble powder 
obtained by adding common sodium phosphate to a nearly 
neutral solution of ferric chloride. Certa^ basic phosphates 
occur native, and frequently accompany iron ores, associated 
with calcium phosphate. 

331. Ferrous Carbonate, FeCOg, occurs naturally as 
spathose ore, and forms an important source of the metal. 
It is frequently found in rhombohedral crystals, known 
under the names of chcUybite, siderUe, or broion spa/r; aphcero- 
stderite is a botryoidal form of the same compound, prin- 
cipally met with in trap rocks. It may be obtained artificially 
in minute rhombohedrons by heating a solution of ferrous 
chloride with calcium carbonate under pressure. The hj- 
drated carbonate is formed by mixing solutions of a ferrous 
salt and an alkaline carbonate. It is greenish-white when 
first prepared, but rapidly becomes dark green, and even- 
tually red, owing to oxidation and loss of carbon dioxide. 
A hydrate of the composition FeC03.H20 has been found to 
occur naturally: it is permanent in the air, and is scarcely 
attacked by acids. Ferrous carbonate is soluble in carbonic 
acid solutions, and hence is frequently met with in natural 
waters, e.^., in so-called chalybeate springs. No ferric carbon- 
ate has been obtained. 

10— IL 2 B 
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Comparatively few definite compounds of silicic acid with 
oxides of iron are known. Fa/yaUte or iron ch/ryaoHte baa the 
formula Fe2Si04; nontronite appears to possess the formula 
PeoOj.3SiO2.5H2O; degrerMe has the composition FegOg. 
Si023H20; and cmthodderUe that of 2Fe2O8.9SiOg.3H2O. 

(impounds of iron impart to borax in the outer flame a 
brownish-yellow colour; in the inner flame the colour 
changes to green. 

Ferrous salts usually possess a light-green or greenish-blue 
colour which is visible even in dilute solutions. Ammonium 
sulphide, added to the solutions, precipitates the bydrated 
black sulphide soluble in hydrochloric acid. Potash yields 
white ferrous hydrate which rapidly becomes green and 
ultimately red from absorption of oxygen. Ammonia forms 
a similar precipitate which is partially dissolved on adding 
excess of the precipitant; in presence of large quantities of 
ammoniacal salts the hydrate is not formed. Potassium 
ferrocyanide forms a white precipitate which rapidly changes 
to blue : potassium ferricyanide forms a dark-blue precipitate 
(Prussian blue). With potassium sulphocyanate no chanire 
is observed. ' *^ ^ ' » 

Ferric salts generally possess a yellow or brownish-yellow 
colour in solution; on heating, the colour becomes more in- 
tense. On treatment with sulphuretted hydrogen, the solu- 
tions become turbid from the precipitation of sulphur, the 
iron salt being simultaneously reduced to a ferrous com- 
pound: 

FejCltf + H^ = 2FeCl, + 2HC1 + a 

Ammonium sulphide forms a black sulphide. Excess of 
potash or ammonia yields the brown ferric hydrate. Potassium 
ferrocyanide forms Prussian blue. Ammonium or potassium 
sulphocyanate produces a blood-red colouration which is per- 
ceptible even in highly dilute solutions. 



332. Butheniom — Symbol Ku; atomic weight 104. — 
This metal occurs associated with platinum, iridium, osmium, 
etc. ; it was discovered by Glaus in 1844. It is found mainly 
in the portion of the ore insoluble in aqua-regia^ whidi 
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consists principally of osmiridium. The residue is mixed 
with common salt and heated in chlorine; the mass is treated 
with water, and the solution mixed with ammonia, whereby 
a mixture of ruthenium sesquioxide and osmium dioxide is 
precipitated. The mixture is washed with nitric acid, and 
heated in order to expel the osmium as the volatile tetroxide. 
The residue is heated with potash, and the potassium rutheniate 
which is formed is dissolved in cold water : on adding nitric 
acid to the clear solution, the black ruthenium sesquioxide 
is precipitated; on ignition in hydrogen it yields the metal* 
Kuthenium is one of the most infusible of metals: after 
fusion in the hottest portion of the oxyhydrogen its specific 
gravity is 11*4. It is almost insoluble in aqua-regia, but 
when finely divided it is readily attacked by melted potash. 

Ruthenium Monoxide, BuO or KU2O2, is a dull-grey 
powder formed on heating the dichloride in a stream of 
carbon dioxide. 

The sesquioxide, Hu^Oj, is a blue powder obtained by 
heating finely-powdered ruthenium in air. It may be pre- 
pared as a dark brown hydrate, Itu203.3H20, by adding an 
alkaline carbonate to a solution of ruthenium trichloride. 

The dioxide, ItuOj or Bu^O^ is formed by roasting the 
disulphide, or by strongly heating ruthenic sulphate. On 
adding caustic soda to a solution of the sulphate, the hydrated 
dioxide, Ilu02.2n20, is precipitated; it is soluble in acids, 
and in excess of the alkalL 

The trioxide or ruthenic acid, IluOg, is obtained in com- 
bination with potassium by fusing any of the preceding 
compounds or the metal, with potassium hydrate. Potassium 
rutheniate is soluble in water, forming an orange-coloured 
liquid. 

The tetroxide, RuO^ or ItUgOg, is a golden-yellow crystal- 
line powder, formed by heatmg a mixture of ruthenium, 
caustic potash, and nitre, dissolving the mass in water, and 
treating it with chlorine. Great heat is evolved, and the 
tetroxide sublimes in crystals which melt at 58°: at 108° it 
decomposes with explosive violence, forming the metal, free 

* For farther particulars respecting the separation of the platmum 
metals on the laige scale, see Ho&ann's "Berieht iiber die Er^ 
iwiekelung der ChemMchen Industrie," 
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oxygen and ozone. It is slightlj soluble in water, and its 
solution is rapidly decomposed on exposure to light. 

833. Ratheniom lichloride, RuClj or Bu^Cl., exists in 
two modifications, one of which is soluble, the o&er totallj 
insoluble in water and in acids. The insoluble modification 
is a black crystalline powder, formed by heating the metal 
in chlorine. The soluble dichloride is obtained by passing 
sulphuretted hydrogen into a solution of the trichloride. The 
yellowish-brown disulphide, RuSg, is precipitated, and the 
liquid acquires a blue colour — 

2Bu,Cl« + 4HsS = 2BaS, + Hufii^ + 8HC1. 

The trichloride, KugCl^, is a yellowish-brown, deliquescent, 
volatile substance, obtained by adding an acid to solution of 
potassium rutheniate, and redissolving the precipitate of 
hydrated sesquioxide in hydrochloric acid. When heated, 
it decomposes into hydrochloric acid and the sesquioxide. It 
forms double salts with the alkaline chlorides which are spar- 
ingly soluble in water, and readily decomposed on heating. 

The tetrachloride exists only in union with a.lkaline 
chlorides, forming salts analogous to the corresponding com- 
pounds of platinum. On boiling the ammonium chloro- 
rutheniate, (NH^)2RuCl0, with ammonia, and concentrating 
the solution, bright-yellow crystals of the tetra-ammonio- 
hyporuthenious chloride, [N2n4B.u(NH^JC^.3H20, are 
deposited. On boiling this compound with silver oxide, the 
corresponding oxide, 4NII3.IIUO, is formed: it decomposes 
on heating, forming the diammoniom oxide, 2NH3.B.UO or 
(N2H0Ku)O, which yields yellow-coloured salts which are 
perfectly stable. 

Kuthenium or its compounds, fused with nitre on platinum- 
foil, yield potassium rutheniate, which on treatment with 
water forms a reddish-yellow solution; on the addition of a 
few drops of nitric acid the black sesquioxide is produced ; on 
gently warming this precipitate with hydrochloric acid it 
dissolves, forming the trichloride, and on treating the solu- 
tion with sulphuretted hydrogen, and filtering from the pre- 
cipitated sulphide, a deep-blue solution of the dichloride is 
formed. 

Ammonium sulphide added to solutions of ruthenium salts 
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precipitates the brownish-black sulphide. Potassinm sulpho- 
cyanate gives a deep purple-red colouration, changing to 
violet on heating. Lead acetate produces a dark-reddish- 
purple precipitate. Mercuric cyanide forms a blue precipitate. 
The alkaline nitrites form precipitates of double salts, soluble 
in excess of the precipitant; on adding a few drops of am- 
monium sulphide to the solution, it acquires a deep-red 
colour, which gradually changes to brown. 



334. Osmium — Symbol Os; atomic weight 199-1. — ^This 
metal was discovered by Tennant in 1803: it is always found 
associated with platinum and iridium, and is contained in the 
residue left on treating the ore with nitrohydrochloric acid. 
When osmiridium is heated in air or in oxygen, the osmium 
is volatilised as the tetroxide. To obtain the metal the 
osmic tetroxide is digested with mercury and hydrochloric 
acid; the oxide is thus reduced, and the metal amalgamates 
with the mercury. On distilling the amalgam in hydrogen 
the osmium is lefb in the spongy state ; or the osmic 
tetroxide is heated with finely-divided carbon in a current of 
nitrogen; or it is converted into the ammonium salt which 
is then decomposed by sulphuretted hydrogen, and the 
osmium siQphide is strongly heated in a gas-coke crucible 
until the sulphur is expelled. Osmium appears to be the 
most infusible of the metals; it is much hsuxier than glass, 
and crystallises in cubes or rhombohedrons resembling cubes. 
It has a greyish-blue colour inclining to violet. Its density 
is 22*48; hence it is the heaviest body known. When finely 
divided it bums on being heated in the air, forming the 
volatile tetroxide. 

335. Osmium Monoxide, OsO or OS3O2, is obtained by 
igniting osmous sulphite, Os2(S03)2, formed by mixing solu- 
tions of sulphurous acid and osmium tetroxide; it is 
also formed as a dark-blue hydrate by adding potash to a 
solution of the sulphite. It dissolves in hydrochloric acid, 
and the solution rapidly absorbs oxygen from the air. 

The sesquiozide, Os^Oj, is obtained by heating potassium 
or ammonium chlorosmite with sodium carbonate in carbon 
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dioxide, as a black amorphous powder. It may also be pi'e- 
pared in copper-red scales by heating osmium with osmic 
tetroxide. 

The dioxide, OsOg or OsgO^, is formed by heating a mix- 
ture of potassium chlorosmate and sodium carbonate in carbon 
; dioxide. If a solution of the chlorosmate be boiled with 

potash solution osmic hydrate, Os2(OH)g, is formed. On 
heating this compound it is decomposed into the dioxide, 
tetroxide, and free hydrogen : 20s2(OH)g = OsgOg + OsgO^ + 



4H2 + 4H2O. 



1 The triozide, OsOg, is known only in combination in the 

j so-called osmites, salts obtained by reducing an alkaline 

i solution of the tetroxide. The potassium compound OsKgO^. 

I H2O may be obtained in large red octohedral crystals by 

I mixing solutions of potassium osmate and potassium nitrite. 

I The tetroxide, or osmic acid, OsO^, is formed by heating 

the metal or any of the lower oxides in oxygen gas, or by 
heating the oxides with nitric acid. It is a fusible Tolatile 
substance, possessing an intensely pungent and irritating 
odour (whence the name of the element, from oafirif odour). 
It has a strong aorid taste, and is very poisonous. It is 
soluble in water, and is an energetic oxidising agent, bleach- 
ing indigo, and oxidising alcohol to aldehyd and acetic acid, 
and liberating iodine from potassium iodide. The oxide 
has no acid properties; on adding it to solutions of the 
alkalies no salts are formed : the osmic acid is partially vola- 
tilised on evaporating the liquids. 

336. Osmium Bichloride, OSCI2 or Os2Cl^, is obtained as 
a dark-blue sublimate by heating the metal in dry chlorine 
gas. It dissolves in water with a violet-blue colour, and its 
solution rapidly absorbs oxygen. 

The trichloride, OsClg or Os2Clg, is also formed by the 
regulated action of chlorine on the metal. It is very unatable; 
its solution rapidly absorbs oxygen from the air, and is even- 
tually decomposed into a mixture of oxides of osmium and free 
hydrochloric acid. It forms a more stable compound with 
potassium or ammonium chloride. Potassium chlorosmite, 
KgOsClgSHgO, forms reddish - brown crystals, soluble in 
water, with a deep cherry-red colour. The salt is decom- 
posed on heating. 



OSMIUM BICHLORIDE. 391 

The tetrachloride, OsCl^ or OsgClg, is formed by the con- 
tinued action of chlorine on the metal. It is very unstable, 
and on solution is gradually decomposed into osmio oxide 
and hydrochloric acid. This chloride unites with the alka- 
line chlorides, forming readily decomposable salts, termed 
chlorosmateSy of the general form MgOsCl^. 

On heating an ammoniacal solution of the tetroxide, a basic 
compound of the composition N2HgOs02.H20 is obtained. 
It forms salts with acids. But little is known respecting the 
ammoniacal osmium bases. 

Osmium or its compounds, when heated with nitric acid, 
form the tetroxide, which is readily recognised by its re- 
markable smell. This constitutes the most characteristic 
test for the element. 
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Silicate, 296. 

Smelting, 279. 
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Linnseite, 263. 
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Lithium, 101. 

„ Compounds and Detection, lOL 
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„ Alba, 154. 
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Detection, 154. 
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Bleod, 333. 
GferboDAte, 8M. 
CUoridM^Sn. 
OipncNu, 331. 
D»««etion, 33i. 
Oxide*, 329. 

8iUphM«s Mkd SvtoUd^ tUL 
MMfMrito, 330. 
XncMito, 381. 
MMiieoi, 292. 
Matloddte, 2M. 
Mwiiwhtiim, IM. 
IfMpkbromito, 139. 
X«liieonit«, 178. 
Meoaecaiute, 259. 
X«iMlipito, 294. 
195. 
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Chlorides, 199. 
DetoetioD, 205u 
Hahnenuuuk's NHnte, 203. 
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„ Oxidm, 199. 
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XeUl, FoaiUe, 216. 
Meula, 80. 

„ Compoandi with M«t*Ia. 83. 
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Mejmacite, 815. 
Mka, 113. 
Microbromite, 139. 
JfiUerite. 265. 
Jf inium, 293. 
Miaeiiite, 122 
Moiree Metalliqne, 232L 
Molecales, 9. 
Molybdin, 811. 
Moljbdenaxa, 810. 

Chlorides and Oxides» 311. 
Detection, 313. 
Glance, 818. 
Ochre, 811. 
„ Salphide, 313. 

Mordants, 239. 
Mortar, 156. 

„ Hydraulic, 157. 
Moeaic Gold, 236. 
Mottramite, 303. 
Mnndic, 381. 
Montz** Metal, 188. 

Naples, Yellow, 211. 
Natron, 112. 
Naomannite, 140. 
Nickel, Oxides, 264. 

„ Bromide, Chloride, and Iodide, 
265. 

„ Detection, 266. 

„ Nitrate, Sulphate, and Sulphide, 
265. 
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Falladiui, IM. 
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194. 
„ DeHeetion, 19S. 
FbwI White, 216. 
Peetolite, 113. 
Permaaeni White, 152, IMl 
Pewter, 232. 
Phenadte, 149. 
Pbosi^kor-bronEe, 182. 
Phospboros, Bolognian, IMu 

„ Canton's, 158. 

Finchbeck, 189. 
Pink Salt, 235. 
Pitchblende, 320. 
Plaster of Paris, 159. 
Plate Sulphate, 121. 
Platinom, 266. 

Ammoniacal Compoandi 271. 
Chlorides, 269. 
Detection, 275. 
Oxides, 268. 

Phoej^onM Compoands, 271. 
„ Sulphides, 275. 
PUttnente, 298. 
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Polyhalite, 158. 
Potash, Caustic, 118. 
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120. 
Carbonates, 126. 
Chroroates, 324u 
Detection, 127. 
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Metal, 117. 
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Silicates, 127. 
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Psilomelane, 331. 
Pacherite, 303. 
Purple of Cassias, 234. 
Putty-powder, 233. 
Pnzzuolana, 157. 
Pyrites, Capillary, 265. 

Copper, 180. 

Magnetic, 381. 
„ White and Yellow Iron, 881. 
Pyrochlore, 257. 
Pyrulusite, 830. 
Pyromorphite, 295. 

QoantiTalence of Elements, 23. 
Queen's Metal, 292. 

Bed Fire, 164. 
Beichaidite, 152. 
Bhodinm, 220. 
Binman's Green, 261. 
Boscoelite, 303. 
Bubidium, 127. 

„ Detection, 12SL 
Bupert Drop, 251 
Buthenium, 886. 

„ Detection, 388. 

Butile, 258. 

Bal-alembrotli, 201. 
Bal-ammoniac, 131. 
Bal-pnmellae, 12^ 
Bait-cake. 110. 

„ Common, 104. 
Saltpetre, 107, 122. 
Bamarskite, 299. 
Bcbeeletine and Scheelite, 316. 
Bchlippe's Salt, 213. 
Bchreibersite, 336. 
Belenite, 159. 
Benarmontite, 210. 
Serpentine, 154. 
Bhot-meta], 292. 
Siderite, 885. 
surer, 183. 

„ Bromides, Chlorides, Fluoride, 
and Iodide, 138. 

,, Carbides, 141. 

„ Detection, 141. 

•„ Extraction, 184. 

„ Frosting, 187. 

„ Glance, 140. 

„ Horn, 133. 

„ Nitrate, 140. 

„ Phosphate, 141. 

„ Belenide, 140. 

„ Sulphate and Sulphide, 140. 

„ Tellurida, 140. 
Bmalt, 268. 
Soda-ash, 110. 
„ Caustic, 108. 
„ Ciystals, lia 
„ Salt, 110. 
„ Waste, 111. 
Sodium, 102. 






Sodium, Carbonate, 109. 
„ Chloride, 104, 

Detection, 114. 

Hydrate, 103. 

Nitrate and Phosphates, 107. 
„ Sulphates and Sulphite, 106. 
Solder, 232. 
Spar, Brown, 385. 
Speculum-metal, 231. 
Spelter, 184. 
Speiss, 264. 
Sphsero-siderite, 885. 
Sphene, 259. 
Spinel, 239. 

Stalactites and Stalagmites, 161. 
Stannine, 236. 

Stassfurth Salt Mines, 115, 152. 
Steatite, 154. 
Steel, 365. 
„ Bessemer process of Manufacture, 

369. 
„ Case-hardening, 368. 
Stereo-metal, 291. 
Sterro-meta], 189L 
Stibine, 209. 
Stibnite, 213. 
Strontium, Compounds, 163. 

„ Detection, 164. 

Sulphamates, 130. 
Sylvine, 115 

Talc Spar, 153. 
Tantalum, 300. 

„ Detection, 301. 
Tartar Emetic, 210. 
Terbium, 218. 
Thallium, 141. 

„ Compounds, 142. 
„ Detection, 145. 
Thenardite, 106. 
Thenard's Blue, 261. 
Thermonatrite, 112. 
Thorium or Thorinum, 297. 

„ Detection, 298. 
Tin, 228. 

„ Butter of, 235. 

„ Chlorides, Hydrate, and Oxides. 233. 

,, Detection, 236L 

„ Grain, 230. 

„ Plate, 232. 

„ Pyrites, 236. 

„ Salt, 234. 

„ Sulphides, 235. 
Titanium, 257. 

„ Detection, 260. 
Tombac, 189. 
Tonnenite, 180. 
Touch-papier, 124. 
„ Stone, 223. 
Touxquols, 242. 
TraTertine, 161. 
TrioUte, 280. 
Tr<}gerite, 320. 
Trooa, 112. 
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Ttchennifite, 242. 

TnDgst«n, 814. 

„ CotDpoandi, 81& 
„ Detection, 819. 

Tnnprtio Ochre, 81ft. 

Turbith or Tarpeth Mineral, 208. 

Tamer's Yellow, 294 

T/pe-metal, 209. 

Ultramarine, 252. 
Urea, 130. 
Uraniam, 819. 

„ Compounds, 320. 

„ Detection, 321, 
Uranosphnrite, 820. 

Valentinite, 210. 
Vanadiara, 801. 

„ Compounds, 302. 
„ Detection, 800. 
Varridte. 881. 
Vaaquelinite, 822. 
Vermillion, 202. 
Vitriol, Blae, 180. 

„ Oreen, 882. 

„ Wbite, 190. 
ViTianite, 88&. 



Wad, 831. 
WaTellite, 242. 



Widmannstadt's Fiforet (IiODl, 830, 

Wiilemite, 191. 

Witherite, 166w 

Wolfram, 816. 

Wolbbergite. 180. 

Wollastonite, 162. 

Wal/enite, 812. 

Ttterbite, 217. 
Tttrium, Compounds, 217. 
Tttrooerite. 217. 
Tttrotantolite, 800. 

Zaffre, 261. 
2inc, 184. 

Bromide, 190. 

Carbonate, 191. 

Chloride, 189. 

Detection, 191. 

Extraction, 184. 

Oalvanising Iron, 188. 

Hydrates and Oxide, 189. 

Orthofilicate, 191. 

Snlnhate and Salphidea, 190. 

Whittf, 189. 
Zirconium, 2.^8. 

„ Chloride, Fluoride, and Sol- 

phide, 254. 
„ Detection, 255, 
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QUESTIONS AND EXERCISES. 



CHAPTER! 



1. Define the terms atom and molecule, 

2. What is meant by chemical affinity ? Give illustrations of tiie 
modifying influence of external circumstances on the mutual affinities 
of bodies. 

3. Give some account of the relations of chemical affinity to heat. 

4. What is meant by the specific volume of a body ? Give an 
account of what is known concerning the specific volumes of liquids 
and solids. 

5. Explain what is meant by quantivalence, and point out its 
classificatory value. 

6. Give an account of Mendelejeff 's laws of periodicity. 



CHAPTER n. 

7. Explain the construction of the spectroscope. 

8. What is the origin of the Fraunhofer lines ? 

9. What is an absorption spectrum ? 

10. What is meant by the term electrolysis ? Explain the action 
of the electric current on water and solutions of hydrochloric acid, 
common salt, sulphuric acid, and copper sulphate. 



CHAPTER m. 

11. What is a crystal? How many crystallographic systems are 
there, and how are they distinguished ? 

12. What is a hemihedral form ? What are twin-crystals ? 

CHAPTER IV. 

13. How many metals are there? 

14. Which is the heaviest metal ? Wliich is the lightest ? 
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15. Give the freezing and boiling pointi of mereoiy, sine and 
oadminnL 

16. WhatuiMiaUoy? 

17. State the variolic modes of preparing the metallic ozidesy and 
describe their general propertiea. 

18. How are the hydroxides naoally obtained, and idiat are their 
general properties ? 

19. Give a general acconnt of the modes of obtaining tiie haloid 
combinations of the metals. 

20. Give an account of the general properties of the mfftallfc anl- 
phides, sulphites, and sulphat^, 

21. How are the nitrat^ and nitrites of the metals obtained, and 
what are their chief properties ? 

22. Describe the general modes of preparing the phosphides, hypo- 
phosphites, phosphites, and phosphates of the metals. 

23. Give a general account of the modes of obtaining the metallic 
carbonates, siBcates, and describe their leading properties. 

CHAPTER V. 

24. Give the names of the members of the monad group of ^^^-fHf, 
and point out their analogies and dissimilarities. 

25. Give an account of lithium and its compounds. 

26. What are the chief naturally-occurring sodium compounds? 
How is the metal obtained, and what are its properties ? 

27. How 18 caustic soda prepared on the large scale ? 

28. Describe the various modes of obtaining common salt. 

29. Describe the methods of preparation and principal properties 
of the various combinations of sodium with sulphuric acid. 

SO. Give an account of the chief properties of the various sodium 
phosphates. 

31. Give the graphic formula for microcosmic salt. 

32. What is barilla, and how was it obtained ? 

33. Describe fully Leblano's process for the manufacture of sodium 
carbonate. 

34. How many tons of salt, and of sulphuric acid containing 70 
per cent, of real acid, are required to make 200 tons of salt cake ? 
Assuming that the manufacturer condenses only 90 per cent, of the 
hydrochloric acid evolved, how much is idlowed to escape ? 

35. What is the composition of soda waste ? How may the sulphur 
be recovered from it ? 

36. How many tons of soda crystals can be obtained theoretically 
from 200 tons of common salt ? 

37. How is bicarbonate of soda made ? What is trona ? 

38. Describe the mode of making water-glass, and give an account 
of its principal applications. 

39. How are sooium compounds recognised? 

40. What are the principal naturally-ooourring oompoonda of 
potassium? 
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41. How was the metal potassinm obtained by Davy? Describe 
Gay-Lussac and Thenard's process of preparing it from canstic potash. 

42. Describe the present mode of preparing potassium, and give its 
principal properties. 

43. How is caustic potash usually prepared ? What is the action 
of a strong solution of caustic potash on calcium carbonate ? 

44. What are the impurities commonly present in ordinary caustic 
potash ? How may pure potassium hydrate be obtained ? 

45. What is sylyine ? How is potassium iodide prepared ? 

46. What is the composition of plate sulphate of potash ? 

47. Describe the yanous modes of procuring pure nitre. 

48. How is gunpowder made ? Into what substances is it resolved 
on being fired 7 

49. Describe the mode of obtaining pearl ash. 

50. How are potassium compounds recognised ? 

51. Give an account of the compounds of csesium and rubidium. 

52. What is the nature of the so-called ammonium-amalgam ? 

53. What is the action of sulphur trioxide and carbon dioxide upon 
(1) dry ammonia, and (2) upon ammonia in aqueous solution ? 

54. What is formed by the action of phosgene gas on dry am- 
monia? 

55. Give an account of the different anmionium carbonates. 

56. How does silver occur in nature ? Describe the various modes 
of obtaining it from its ores. 

57. How is lunar caustic made ? 

58. What is the composition of the body formed by dissolving 
silver chloride in solution of sodium thiosulphate ? 

59. Give the chief tests for silver. 

60. Give an account of thallium and its compounds, with special 
reference to the points of analogy with and difference from potassium 
and its compounds. 

CHAPTER VL 

61. Enumerate the members of the dyad group of metals. 

62. Why is beryllium rogarded as aUied to magnesium and zinc ? 

63. Give the general properties of the metals of the alkaline earths, 
and their principal compounds. 

64. How is magnesium obtained ? What is formed when it bums 
in the air? 

65. Give the composition of the following substances — camaUite, 
epsomite, kieserite, astracanite, and polyhaute. 

66. What is the composition of tibe fusible calculus ? 

67. Describe the vanous modes of obtaining magnesium carbonate 
from dolomite. What is the composition of magnesia alba f 

68. Give the chemical f ormuls of the following minerals— olivin, 
aoffite, serpentine, meerschaum, steatite, and tala 

69. How may compounds of magnesium be recognised ? 

70. Name the DrinciDal naturally -occurring compounds of calcium. 

10 — II. 2 C 
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71. n<yw is lime obtained on the Urge scale? State Ha chief nses, 

72. How does hydranlic mortar differ from ordinarr mortar ? 

73. What is the fonmUa of the salt having the folfowing percent- 
age composition ? 

Calcinm, 3872 

Phosphomsy 20-00 

Oxygen, 41*28 

• 100-00 

74 Explain the formation of stalactites and stalaffmites. 

75. Give the ffrapbic formahe for tabnlar-spar and diopidde. 

76. (^ive the teste for calcium compounds. 

77. Give an account of the compounds of barium and siron U um» 
indicating their chief points of difference. 

7H. Explain the action of oxygen on barium numoxide, and show 
how by means of this action oxygen can be obtained from the air. 

79. What is the origin of the word copper? How does this body 
occur in nature? 

80. Describe the general mode of obtaining copper from its ores. 

81. How is co^jper obtained from burnt mrrites ? 

82. Give the chemical formul£e of the following minerals — ^mela- 
c^^nite, atacamite, antimonial copper, chalcopyrite, malachite, aznrite, 
dioptase, and chrysocolla. 

83. What is phosphor-bronze ? 

84. Give the chief tests for copper. 

85. What are the principal ores of zinc? Describe the Tarious 
modes of obtaining the metal. 

Si). What are the impurities usually met with in spelter ? Give the 
properties of the pure metal. 

87. What is the comiKwition of the following alloys — ^brass, Mnnts 
rnotal, pinchlieck, and tombac ? 

88. Give the chemical formula and percentage composition of zinc 
white. 

89. Give the composition of siliceous calamine, and state the 
peculiarity of its crystalline form. 

9(). How may compounds of zinc be recognised ? 

91. Give an account of cadmium and its compounds 

92. Write a short history of palla^lium and its compounds. 

93. Name the chief ores of mercury, and describe the mode of 
extracting the metal. 

94. Describe the action of chlorine upon mercuric oxide. 

95. How is calomel obtained? What is the action of ammonia 
upon it ? 

90. Describe the mode of preparing corrosive sublimate. 

97. How would you distinguish between the two chlorides of mercnrv? 

98. What is the composition of vermillion, and how is this boay 
I^reparod ? 

99. Give the composition of the white precipitates of mercnry. 

100. What is Nessler's fluid, and how is it prepared ? 
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CHAPTER VIL 

101. Specify the members of the triad ^oup of the metals. 

102. Give some account of gallium and its compounds. 

103. Why is indium regarded as a member of the triad group ? 

104. Describe the mode of obtaining antimony. 

105. How is stibine obtained? What is the action of heat upon it ? 

106. What is the composition of tartar emetic? How is it 
obtained ? 

107. Give the composition of the following substances — antimony 
ochre, butter of antimony, powder of Algaroth, senarmontite, valen- 
tinite, stibnite, boulangerite, and Schlippe's salt. 

108. How may antimony be distinguisned from arsenic ? 

109. Describe the mode of obtaining bismuth. 

110. Explain the action of water upon bismuth trichloride. 

111. Give some account of the compounds of yttrium, erbium, and 
didymium, with special reference to their spectroscopic characters. 

112. How does indium occur in nature? How may it be recog- 
nised? 

113. What are the principal sources of gold? Describe the mode 
of extracting and purifying it, and state its chief properties. 

114. What is the composition of standard gold? How is the 
fineness of gold estimated? 

CHAPTER VIII. 

115. Give the names of the members of the tetrad group.- 

116. Give the graphic formulse for potash-alum, spinel, and 
kaolin. 

117. What is the principal ore of tin? Where does it mainly 
occur, and how is the metal extracted from it ? 

118. Describe the leading properties of tin, and give the composi- 
tion of its chief alloys. 

119. How is tin-plate made? 

120. How is stannate of soda prepared ? 

121. Give the composition and mode of preparation of the follow- 
ing compounds of tin — cassiterite, butter of tin, "pink-salt," "tin- 
salt," and mosaic gold. 

122. What is the purple of Cassius, and how is it prepared ? 

123. How is aluminium prepared ? Give its chief properties. 

124. Describe the various forms of alumina and its hydrates. 

125. What is a lake ? Describe the action of a mordant. 

126. How is alum made ? 

127. Give the composition of the following minerals : — wavellite, 
torquoise, staurolite, alum-stone, cryolite, and emery. 

1*28. Describe briefly the manufacture of earthenware. 

129. How may porcelain be distinguished from earthenware ? 

130. State the principal varieties of glass, and describe the mode 
of their manufacture. 
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131. How is toughened or tempered glass made? 

132. Give the composition of ultramarine, and state how it is 
prepared ? 

133. Specify the principal sources of titanium. 

134. What is the action of chlorine upon a heated mixtnie of 
rutile and charcoal? Describe the properties of the product thus 
obtained. 

135. Name the chief sources of cobalt. What is the composition 
of the following compounds of cobalt — ^zaffire, smalt, Th^nard's blue, 
Binman's green, and cobalt yellow? 

136. What is the action of a solution of cobalt nitrate or chloride 
upon a solution of bleaching powder? 

137. How may compounoB of cobalt be recognised? 

138. How is nickel obtained? To what use ia it applied? 

139. How may nickel be distinguished from cobalt? 

140. Where is platinum chiefly found, and how is it extracted? 

141. What is platinum-black? What is its action upon a mixture 
of oxygen and hydrogen? 

142. Why is it possible to fasten a wire of platihum and not one 
of iron or copper into a glass vessel by fusion? 

143. What is the composition of iridosmine? How is iridium 
obtained from it? 

144. What are the chief sources of lead? Describe the mode of 
obtaining it from its ores. 

145. Describe the desilverising processes of Pattinson and Parkes. 

146. Describe the English and German methods of cupellation. 

147. Give the composition of the following alloys of lead — type- 
metal, solder, pewter, Queen's metal. 

148. Describe the manufacture of litharge and red lead. 

149. What is the action of (1) nitric acid (2) hydrochloric acid, 
and (3) acetic acid upon red-lead? 

150. What is formed on boiling a solution of mangauous sulphate 
with nitric acid and lead dioxide? 

151. Give the composition of the following oxy chlorides of lead: 
matlockite, mendipite, Turner's yellow, and Casael yellow. 

152. State the composition and crystalline form of galena. What 
is the action of (1) dilute nitric acid, and (2) strong nitric acid 
upon it? 

153. Give the chemical formulae of the following minerals : pyro- 
morphite, an^lesite, lanarkite, cerussite, and lead ochre. 

154. Describe the mode of manufacturing white lead by the Dutch 
process. 

155. Give the chief tests for lead. 



CHAPTER IX. 

156. Name the members of the pentad group of the metals. 

157. Point out the relations of vanadium to phosphorus. 

158. Give an account of vanadium and its compounds. 
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GHAFTEB X. 

159. Give the names of the members of the hezad ffroup of metals. 

160. Give the composition and graphic formi^B of chromyl 
chloride, dipotassium dichromate, chrome iron-ore, hausmannite, 
braunite, psUomelane, and dipotassium permanganate. 

161. What are the chief compounds of molyMenum? 

162. What is the nature of the precipitate obtained on adding am- 
monium molybdate solution to a dilute solution of a phosphoric acid? 

163. State the chief sources of tungsten. 

164. Describe the various chlorides of tungsten. 

165. How is the metal uranium obtained? 

166. Name the principal naturally-occurrinff compounds of uranium. 

167. How is potassium bichromate made m)m chrome iron-ore? 

168. Give the composition of the following substances — chrome 
green, chrome yellow, chrome red, crocoisite, and chrome alum. 

169. How is chromyl dichloride obtained? What is formed on 
heating it to a high temperature in a sealed tube? 

170. Give an account of the various oxides of manganese, and 
explain the action of heat upon each. 

171. Describe Weldon's process for the recovery of manganese 
from the '^ still-liquor" obtamed in the manufacture of chlorine. 

172. How is potassium permanganate prepared? 

173. Describe the general nature of meteoric iron. 

174. Name the prmcipal ores of iron, and point out their chief 
peculiarities. 

175. Describe the general method of analysiug an iron-ore. 

176. Give an account of the manufacture of cast-iron. 
.177. Describe the chief varieties of cast-iron. 

178. What causes the peculiar smell noticed on dissolving cast- 
iron in dilute hydrochloric or sulphuric acid? 

179. What is the general composition of spiegel-eisen? 

180. How does wrought-iron ai£fer from cast-iron? 

181. Describe the operation of puddling, and explain the chemical 
nature of the process. 

182. How is merchant iron produced from puddled bar? 

183. What is the influence of silicon, phosphorus, and sulphur, on 
iron? 

184. Describe the Catalan forge. 

186. What is steel? How does it differ from wrought-iron? 

186. Describe the cementation process of making steel, and explain 
the the^r of the method. 

187. H!ow is cast-steel made ? 

188. Describe the Bessemer process of manufacturing steeL 

189. Describe the peculiarities of the Bessemer spectrum. 

190. Describe Eggertz's method of estimating the amount of carbon 
in iron and steel. 

191. State the properties of pure iron. 

192. How many oxides of iron are there, and what are their chief 
properties? 
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193. Explain the action of oxide of iron in prcmiotiiig the decom- 
position of organic matter. 

194. Explain the action of heat and light upon dilate solutionB of 
ferric chloride. 

195. Give the chemical formnlae and properties of the principal 
componnds of sulphnr and iron. 

1%. How is green vitriol made? What is the action of nitrogen 
dioxide and trioxide upon its aqneoos solution? 

197. How is iron-mould produced? 

198. How may ferrous salts be distinguished from ferric com- 
pounds? 

199. What is the action of sulphuretted hydrogen upon a solution 
of ferric chloride? 

200. Give an account of the chief properties of ruthenium and 
osmium, and of their principal compounds. 
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